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NATIONAL SCIENCE FOUNDATION PART I:
OVERVIEW AND OVERSIGHT

THURSDAY, MARCH 9, 2017

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON RESEARCH AND TECHNOLOGY,
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
Washington, D.C.

The Subcommittee met, pursuant to call, at 11:03 a.m., in Room
2318 of the Rayburn House Office Building, Hon. Barbara Com-
stock [Chairwoman of the Subcommittee] presiding.
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U.S. HOUSE OF REPRESENTATIVES '
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY

HEARING CHARTER
Thursday, March 9, 2017
TO: Members, Committee on Science, Space, and Technology
FROM: Majority Staff, Committee on Science, Space, and Technology

SUBJECT: Research and Technology Subcommittee hearing
“National Science Foundation Part I: Overview and Oversight”

The Subcommittee on Research and Technology of the Committee on Science, Space, and
Technology will hold a hearing titled National Science Foundation Part I: Overview and Oversight on
Thursday, March 9, 2017 at 10:00 a.m. in Room 2318 of the Rayburn House Office Building.

Hearing Purpose:

The purpose of the hearing is to provide an overview of the National Science Foundation’s
(NSF) research and STEM education portfolio and priorities, and to update the Committee on oversight
matters, including progress on implementation of accountability and transparency policies, a national
interest requirement, large facilities management reform, and other provisions included in the American
Innovation and Competitiveness Act (AICA).

Witness List

» Dr. France Cérdova, Director, National Science Foundation (NSF)
s  Ms. Allison Lerner, Inspector General, National Science Foundation (NSF)

Staff Contact

For questions related to the hearing, please contact Jenn Wickre of the Majority Staff at 202-225-
6371.
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Chairwoman COMSTOCK. The Committee on Science, Space, and
Technology will come to order. Without objection, the Chair is au-
thorized to declare recesses of the Committee at any time.

Welcome and good morning. I want to welcome a local class from
Paul VI. Thank you for joining us today. They’re here for their gov-
ernment day, and I imagine some of them might live in my col-
league’s district also, but a northern Virginia school with a lot of
folks I know there. So great to have you here today.

Good morning, and welcome to today’s hearing, which is entitled
“National Science Foundation Part 1: Overview and Oversight.” 1
now recognize myself for five minutes for an opening statement.

My district in Virginia is home to many research and technology
companies on the forefront of technological innovation, so I'm very
pleased that we're able to have this opportunity in this Committee.
The innovative products and services they offer are often the end
result of taxpayer-supported research conducted at universities and
research laboratories.

The National Science Foundation is the primary source of federal
funding for nonmedical basic research. NSF funds 12,000 competi-
tive grants a year and supports the work of over 375,000 scientists,
engineers, educators, and students across the country.

Basic and fundamental research is about good jobs and a secure
future. Americans face enormous challenges, and NSF has a role
to play in helping address them. Through research and activities
supported by the NSF, we have the opportunity to boost our econ-
omy, enhance our national security, strengthen our cybersecurity
infrastructure, and create a STEM-job-pipeline-ready workforce.

The purpose of today’s hearing is to provide an overview of the
National Science Foundation’s research and STEM education port-
folio and priorities, and to update the Committee on oversight mat-
ters. In January, the American Innovation and Competitiveness
Act was signed into law, a bill that reauthorized many of the activi-
ties at NSF and reformed programs to maximize the nation’s in-
vestment in research.

I am proud that the bipartisan law resulted from the work my
Subcommittee and this Committee conducted last Congress, and
I'm pleased that a bill I sponsored, the Research and Development
Efficiency Act, who I worked with my colleague here Mr. Lipinski
on, was included, which will help reduce the regulatory burden on
scientists and universities. This bill also included a number of pro-
visions to improve the coordination of STEM education programs
?ai(glss the federal government and promote inclusion in the STEM
ields.

Last week, the President signed into law two additional STEM-
related bills, which originated with this Committee, that will help
the next generation of young women have greater opportunities to
pursue careers in the STEM fields that are central to our 21st cen-
tury economy. We had the INSPIRE Act, which authorizes NASA
to encourage young women to study the STEM fields and to pursue
careers that will further advance America’s space missions. And
the other bill was the Promoting Women in Entrepreneurship Act,
which was authored by my colleague Ms. Esty, which promotes
women and jobs in STEM fields through the NSF. And we are
pleased to have finally gotten those through the Senate because we
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passed them last Congress but they didn’t make it through the
Senate, so I am glad we were able to move forward with those.

Dr. Cordova, I look forward working together on these efforts,
and particularly in STEM and cybersecurity. And, Ms. Lerner, I
also greatly value the work of the Office of Inspector General. Your
work and recommendations have led to millions of dollars saved,
protecting the taxpayers’ investment in research. I look forward to
hearing more from both of you about your priorities for the coming
year and about how we can work together to maintain our nation’s
leadership in innovation.

I know we all have innovative STEM initiatives in our districts
that provide models for others. I just wanted to mention a few that
I have had and recently visited in my district. K2M, which is a
medical device company, has an Innovation Challenge Program
that they’re working on with their local schools. They’re getting
young people in ninth grade to have a semester-long program
working with them and mentoring them; they pair up with some-
body at the company to find out more about the engineering field
of medical device technology. They particularly work on scoliosis
and the sort of hardware that helps medically deal with that prob-
lem.

I have VISA, who is partnered with Women in Technology and
the STEM for Her program, which are putting on programs in my
district, specifically designed for young women to get engaged in
STEM subjects.

So I encourage other members of this Committee to take these
opportunities and all the opportunities that you all are providing
through your good work to make sure we'’re getting all these pro-
grams out to our young people. And again, I'm pleased that we
?ave a group of our young people here for this appropriate hearing
or you.

[The prepared statement of Chairwoman Comstock follows:]
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Chairwoman Comstock: My district in Virginia is home to many research and
technology companies on the forefront of technological innovation.

The innovative products and services they offer are often the end-result of taxpayer-
supported research conducted at universities and research laboratories.

The National Science Foundation {NSF} is the primary source of federal funding for non-
medical basic research. NSF funds 12,000 competitive grants a year, and supports the
work of over 377,000 scientists, engineers, educators and students across the country.

Basic and fundamental research is about good jobs and a secure future. Americans
face enormous challenges, and NSF has a role to play in helping address them.

Through research and activities supported by the NSF, we have the opportunity to
boost our economy, enhance our national security, strengthen our cybersecurity
infrastructure, and create a STEM-job ready workforce.

The purpose of today’s hearing is to provide an overview of the National Science
Foundation's research and STEM education portfolio and priorities, and to update the
Committee on oversight matters.

In January, the American innovation and Competitiveness Act (AICA) was signed into
law, a bill that reauthorized many of the activities at NSF and reformed programs to
maximize the nation’s investment in research.

I am proud that the bipartisan law resulted from the work my subcommittee
conducted last Congress, and that a bill | sponsored, the Research and Development
Efficiency Act was included, which will help reduce the regulatory burden on scientists
and universities.

The AICA diso included a number of provisions to improve the coordination of STEM
education programs across the federal government and promote inclusion in the STEM
fields.

Last week, the President signed into law two additional STEM related bills, which
originated with this committee, that will help the next generation of young women
have greater opportunities to pursue careers in the STEM fields that are central to our
21st century economy.
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One was my bill, the INSPIRE Women Act, which authorizes NASA to encourage young
women to study the STEM fields and to pursue careers that will further advance
America’s space missions. The other bill was the Promoting Women in
Entrepreneurship Act, authored by my colleague Ms. Esty, which promotes women
and jobs in STEM fields through the NSF.

Dr. Cordova, { look forward working together on these efforts, particularly in STEM and
cybersecurity. )

Ms. Lemer, | also greatly value the work of the Office of Inspector General. Your work
and recommendations have led to millions of dollars saved — protecting the taxpayer's
investment in research.

| look forward to hearing more from both of you about your priorities for the coming
year and about how we can work together to maintain our nation’s leadership in
innovation.

| know we all have innovative STEM initiatives in our districts that provide models for
others. | recently visited a global medical device company, K2M, for the kickoff of their
Innovation Challenge Program.

The program hosts students in Loudoun County, and engages them in a semester long
program where they solve engineering challenges. It also provides the students with
mentors from K2M.

Others—including VISA, who partnered with Women in Technology and the "STEM for
Her" program—put on programs in my area specifically designed for young women to
get engaged in STEM subjects.

| encourage other members of this Committee to engage with the young people in
their districts on STEM so that we, and they, have the brightest possible futures.

And with that, | look forward to hearing the testimonies of our guests.

###
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Chairwoman COMSTOCK. And with that, I look forward to hear-
ing the testimonies of our guests, and I now recognize the Ranking
Member, the gentleman from Illinois, Mr. Lipinski, for an opening
statement.

Mr. LipINSKI. Thank you, Madam Chairwoman. And welcome to
our distinguished panel. I'm glad we’re having this hearing to get
an update on the important work that’s being done at the National
Science Foundation. I want to thank Dr. Cérdova for her leadership
at the Foundation. A few weeks ago, we had a number of NSF
grant recipients here, and we had a chance to hear about and see
some of the breakthrough research and innovations. This was only
a small sample but a great demonstration of the excellent work fa-
cilitated by funding from the NSF.

The federal government is uniquely positioned to fund world-
class research, especially high-risk, high-reward research that
leads to transformative discoveries and innovations that drive our
economy forward. In doing so, the National Science Foundation
plays a vital role not only advancing the U.S. scientific enterprise
but also in shoring up our nation’s ability to compete in an increas-
ingly technology-driven and dynamic global economy.

Funding for NSF has not been what I would like to have seen
in recent years. I think many of my colleagues agree. This Com-
mittee needs to push to make NSF funding a priority in this Con-
gress as we face possible significant budget cuts. While we do this,
we also need to make sure that NSF does the most possible with
limited resources, and we’ll get to some of that in today’s hearing.

I believe it’s also important that Congress does not make the
mistake of changing the funding priorities of the scientists at the
NSF. The social sciences in particular make key contributions to
critical national and global challenges. You've heard this from me
many times before, but it’s worth repeating. Social scientists are
showing us the human factors involved in developing effective cy-
bersecurity. This Committee is working on strengthening cyberse-
curity in the federal government, and we need the input of social
scientists to do this.

Additionally, NSF-funded social science research into cross-cul-
tural nonverbal communication, which was presented to this Com-
mittee in 2011, helped the Army improve the way it trains its sol-
diers and lessen conflicts with foreign citizens. These are just a few
examples of the value of social science research, which is only a
small but very important portion of the NSF budget.

Regardless of the field of research, the work at the NSF does not
stop at the laboratory bench. Programs like the NSF Innovation
Corps or I-Corps and the SBIR STTR program aim to help sci-
entists bring NSF-funded research to market. [-Corps provides re-
searchers with the education, mentoring, and networking necessary
to begin the process of commercializing their research. And SBIR
STTR provides funding to help small businesses transition NSF in-
novations to commercial products. I was proud to help lead the ef-
fort to authorize the I-Corps program in the American Innovation
and Competitiveness Act which passed last Congress and was
signed into law in January. I am also a strong supporter of the
SBIR.
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As we review the important work going on at the NSF, I'd like
to hear about NSF’s plans for participation in the interagency
working group on research regulation establishing the AICA legis-
lation, as the Chairwoman mentioned. It doesn’t make sense for
eminent scientists to be spending 42 percent of their time com-
plying with federal research regulations. I have been a champion
of this issue for years and was glad to see some of the language
from the bill I introduced last Congress incorporated in the AICA.

I look forward to hearing about the progress NSF has made in
implementing a number of provisions of the AICA that address
management challenges that have been the topic of hearings before
this Committee. I'm confident that NSF will take the necessary
steps to implement the policy changes in the law. This hearing is
a good opportunity to check in and see how things are going, al-
though I know it’s very early.

Finally, I was pleased to learn that the NSF has made signifi-
cant progress in increasing accountability in its management of
large research facilities, lowering the cost of Intergovernmental
Personnel Act appointments for rotating staff, and preventing re-
search misconduct. I'm eager to learn more about how the agency
is protecting our investment in research in these areas.

Thank you again to Dr. Cérdova and Ms. Lerner for being here.
I look forward to your testimony, and I yield back.

[The prepared statement of Mr. Lipinski follows:]
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OPENING STATEMENT
Ranking Member Dan Lipinski (D-IL)
of the Subcommittee on Research and Technology

House Committee on Science, Space, and Technology
Subcommittee on Research and Technology
“National Science Foundation Part I: Overview and Oversight”

March 9, 2017 ‘

Thank you Madam Chairwoman and welcome to our distinguished panel. I'm glad we are having this

hearing to get an update on the important work being done at the National Science Foundation. I want to
thank Director Cordova for her leadership at the foundation. A few weeks ago we had a number of NSF
grant recipients here and we had a chance to hear about and see some of their breakthrough research and
innovations. This was only a small sample but a great demonstration of the excellent work facilitated by

funding from the NSF.

The federal government is uniquely positioned to fund world-class research, especially high risk, high
reward research that leads to the transformative discoveries and innovations that drive our economy
forward. In doing so, the National Science Foundation plays a vital role, not only in advancing the U.S.
scientific enterprise, but also in shoring up our nation’s ability to compete in an increasingly technology-

driven and dynamic global economy.

Funding for the NSF has not been what I would have liked to have seen in recent years; I think many of
my colleagues agree. This committee needs to push to make NSF funding a priority in this Congress as
we face possible significant budget cuts. While we do this, we also need to make sure that NSF does the

most possible with limited resources; we will get into some of that today in this hearing.

[ believe that it is also important that Congress does not make the mistake of changing the funding
priorities of the scientists at the NSF. The social sciences, in particular, make key contributions to critical
national and global challenges. Social scientists are showing us the human factors involved in developing
effective cybersecurity. This committee is working on strengthening cybersecurity in the federal
government and we need the input of social scientists to do this. Additionally, NSF-funded social science
research into cross-cultural, non-verbal communication, which was presented to this committee in 2011,
heiped the army improve the way it trains its soldiers and lessened conflicts with foreign citizens. These
are just a few examples of the value of social science research which is only a small but very important

portion of the NSF budget.
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Regardless of the field of research, the work at the NSF does not stop at the laboratory bench. Programs
like the NSF Innovation Corps, or I-Corps, and the SBIR/STTR program, aim to help scientists bring
NSF-funded research to market. 1-Corps provides researchers with the education, mentoring, and
networking necessary to begin the process of commercializing their research, and SBIR/STTR provides
funding to help small businesses transition NSF innovations to commercial products. 1 was proud to help
lead the effort to authorize the I-Corps program in the American Innovation and Competitiveness Act,
which passed last Congress and was signed into law in January. Ialso supported SBIR reauthorization,

which included annual increases in funding levels.

As we review the important work going on at the NSF, I would like to hear about NSF’s plans for
participation in the Interagency Working Group on Research Regulation established in the AICA
legislation. It doesn’t make sense for our eminent scientists to be spending 42 percent of their time
complying with federal research regulations. I have been a champion of this issue for years and was glad

to see some of the language from a bill I introduced last Congress incorporated into the AICA.

I look forward to hearing about the progress NSF has made in implementing a number of provisions of
the AICA that address management challenges that have been the topic of hearings before this
committee. 1am confident that the NSF will take the necessary steps to implement the policy changes in

the law. This hearing is a good opportunity to check in and to see how things are going.

Finally, I was pleased to learn that the NSF has made significant progress in increasing accountability in
its management of large research facilities, lowering the cost of Intergovernmental Personnel Act
appointments for rotating staff, and preventing research misconduct. Iam eager to learn more about how

the agency is protecting our investment in research in these areas.

Thank you again to Dr. Cérdova and Ms. Lemer for being here. 1look forward to your testimony. I yield
back.
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Chairwoman COMSTOCK. And I now recognize the Chairman of
the full Committee, Mr. Smith, for his statement.

Chairman SMITH. Thank you, Madam Chairwoman.

For nearly 70 years, the National Science Foundation has served
as the basis of taxpayer-funded basic research. Since its creation in
1950, NSF’s mission has been to promote fundamental scientific
discovery in the national interest, which helps make the United
States a world leader in knowledge and innovation.

Our challenge this year is to set funding priorities that ensure
America remains a leader in the global marketplace of ideas and
products, while also recognizing budgetary limits. A full reauthor-
ization of the science agencies under our jurisdiction, including
NSF, will allow us to rebalance priorities and ensure that our na-
tion’s science agencies are on a trajectory to keep America at the
forefront of scientific knowledge and discovery.

The Committee finished last year by completing work on the
American Innovation and Competitiveness Act, which reauthorized
some of NSF’s activities. These include STEM education initiatives,
entrepreneurship programs, the BRAIN Initiative, and others. In
fact, on January 6, it was the last bill signed into law for the 114th
Congress.

The new law also reforms federal science agency programs to in-
crease the impact of taxpayer-funded research. It improves ac-
countability and transparency, reduces administrative burden on
researchers, enhances agency oversight, and improves research co-
ordination.

I want to recognize Dr. Cérdova for the steps NSF has taken to
improve accountability over the last two years.

In the past, I have been critical of NSF for funding of too many
projects that seem marginal or frivolous. My concern is that low-
risk, low-priority projects detract from investments into
groundbreaking research that includes biology, physics, computer
science and engineering.

The new law makes permanent and enhances NSF’s trans-
parency and accountability policy so that it describes in nontech-
nical terms the research projects it funds. The law also improves
the NSF grant-making process. It affirms that research funded
through the merit-review selection process must be in the national
interest by meeting one of seven broader impact goals. These goals
include increasing economic competitiveness, enhancing the health
and welfare of the American public, developing a STEM workforce,
and supporting the national defense. I hope these reforms will pre-
vent future cost overruns and the use of taxpayer funds for the
wrong ideas and subjects.

I look forward to hearing from Dr. Cordova and Ms. Lerner about
how the implementation of these reforms is proceeding and about
the progress the NSF has made to be more accountable to tax-
payers. I believe there has been noticeable improvement, but over-
sight challenges remain.

The Inspector General’s last report to Congress identified several
areas in need of improvement or monitoring. These include NSF’s
management of rotator personnel; the Foundation’s move to a new
headquarters building in Alexandria, Virginia; NSF’s management
of the U.S. Antarctic Program; and its efforts to improve grant ad-
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ministration and encourage ethical conduct in research. I look for-
ward to hearing more about these challenges and how we can work
together to address them.

Finally, I want to acknowledge that, last week, President Trump
signed into law two bipartisan Science Committee bills to promote
the role of women in science: the INSPIRE Women Act, sponsored
by Chairwoman Comstock; and the Promoting Women in Entrepre-
neurship, sponsored by Ms. Esty. These laws enable more talented
young women to pursue their dreams and change the world with
their ideas. NSF’s support for groundbreaking basic research and
STEM education can greatly help in making America prosperous.

Thank you, Madam Chairwoman, and yield back.

[The prepared statement of Chairman Smith follows:]
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Statement of Chairman Lamar Smith (R-Texas)
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Chairman Smith: Thank you, Chairwoman Comstock. And welcome Dr. Cérdova and
Ms. Lerner.

For nearly 70 years, the Nationai Science Foundation {NSF} has served as the basis of
taxpayer-funded basic research.

Since its creation in 1950, NSF’s mission has been to promote fundamentatl scientific
discovery in the national interest, which helps make the United States a world leader in
knowledge and innovation.

Our challenge this year is to set funding priorities that ensure America remains a leader
in the global marketplace of ideas and products while also recognizing budgetary
limits.

A full reauthorization of the science agencies under our jusisdiction, including NSF, will
aflow us to rebalance priorities and ensure that our nation's science agencies are on a
trajectory to keep America at the forefront of scientific knowledge and discovery.

The Committee finished last year by completing work on the American Innovation and
Competitiveness Act, which reauthorized some of NSF's activities. These include STEM
education initiatives, entrepreneurship programs and the BRAIN Initiative. in fact, on
January 6 it was the last bill signed into law for the 114t Congress.

The new law also reforms federal science agency programs to increase the impact of
taxpayer-funded research.

It improves accountability and transparency, reduces administrative burden on
researchers, enhances agency oversight, and improves research coordination.

I want to recognize Dr. Cérdova for the steps NSF has taken to improve accountability
over the last two years.

I have been critical of NSF for past funding of too many projects that seem marginal or
frivolous. My concern is that low-risk, low-priority projects detract from investments into
groundbreaking research that includes biology, physics, computer science and
engineering.
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The new law makes permanent and enhances NSF's transparency and accountability
policy so that it describes in non-technical terms the research projects it funds.

The law also improves the NSF grant-making process. It affirms that research funded
through the merit-review selection process must be in the national interest by meeting
one of seven broader impact goals. These goals include increasing economic
competitiveness, enhancing the health and welfare of the American public,
developing a STEM workforce, and supporting the national defense.

I hope these reforms will prevent future cost overruns and the use of taxpayer funds for
liquor, lobbyists and foreign fravel, which we have seen in the past.

| look forward to hearing from Dr. Cérdova and Ms, Lerner about how the
implementation of these reforms is proceeding and about the progress the NSF has
made to be more accountable to taxpayers.

I believe there has been noticeable improvement but oversight chalienges remain.

The Inspector General's last report to Congress identified several areas in need of
improvement or monitoring. These include NSF's management of rotator personne!;
the Foundation’s move to a new headquarters building in Alexandria, Virginia; NSF's
management of the U.S. Antarctic Program; and its efforts to improve grant
administration and encourage ethical conduct in research.

ook forward to hearing more about these challenges and how we can work
together to address them.

Finally, l want to acknowledge that last week President Trump signed into law two
bipartisan Science Committee bills to promote the role of women in science: the
INSPIRE Women Act, sponsored by Chairwoman Comstock, and the Promoting
Women in Enfrepreneurship Act, sponsored by Ms. Esty.

These laws enable more talented young women to pursue their dreams and change
the world with their ideas.

NSF's support for groundbrecaking basic research and STEM education can greatly help
in making America prosperous.

Itook forward to hearing from our witnesses today and vield back.

###
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Chairwoman CoMSTOCK. Thank you, Mr. Chairman.

And I now recognize the Ranking Member of the full Committee
for a statement, Ms. Johnson.

Ms. JOHNSON. Thank you very much, and thank you, Ms.—
Chairwoman Comstock and Ranking Member Lipinski, for holding
this hearing. And I welcome back to our distinguished witnesses
Dr. Cérdova and Ms. Lerner.

This hearing is an opportunity to introduce some of our new
Members to the mission and operations of the National Science
Foundation and to review progress on some longstanding oversight
issues.

The National Science Foundation was established by Congress in
1950 to promote the progress of science. Those very words are writ-
ten into the enabling and enacted legislation. For more than six
decades, America’s scientists and engineers have been submitting
their best and most creative ideas to the Foundation for funding.
For more than six decades, the Foundation has required that every
one of those proposals undergo merit review by scientific peers in
order to select and fund the best of the best. This is the case for
all fields of science and engineering supported by the Foundation,
from physics and biology to Earth systems science to the social, be-
havioral, and economic sciences. The enacting legislation also es-
tablished NSF to advance the national health, prosperity, and wel-
fare and to secure the national defense.

These words also are central to NSF’s mission. The intent was
not that every grant would be required to meet those particular cri-
teria. The guiding rule of basic research is that you should not be
constrained to a particular path or a particular application. To be
constrained in what research is pursued is to fail to ask the most
fundamental and compelling questions in science and engineering.
To fail to ask the most fundamental and compelling questions is to
miss out on the truly transformative scientific and technological
breakthroughs. The intent since 1950 has been just that, in the ag-
gregate.

The taxpayers’ investments in NSF would help contribute to a
more secure and prosperous nation, and the record shows that they
certainly have. This is as true for the social and behavioral sciences
as it is for the physics and engineering.

This hearing is the first of two hearings this Committee will hold
before moving legislation to authorize appropriations for the Na-
tional Science Foundation and to take a fresh look at the Founda-
tion’s 1950 Organic Act.

While Congress has passed minor amendments to the 1950 act,
the central mission of the Foundation and the Foundation’s reli-
ance on competitive peer review to identify and fund the best pro-
posals have remained untouched. In short, the 1950 act has proven
remarkably durable and worth preserving.

Over the last few years, we have had vigorous debates in this
Committee about the National Science Foundation’s mission and
about the process for selecting and funding the best and most wor-
thy grant proposals. In the bipartisan American Innovation and
Competitiveness Act signed into law by President Obama in Janu-
ary, we arrived at a compromise that reaffirmed the National
Science Foundation’s gold standard merit review process, while en-
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suring transparency and accountability in their grant decisions.
This was a good outcome for U.S. science and for the taxpayer.

As we consider additional NSF legislation this Congress, I hope
that all of us sitting here behind the dais will truly listen to the
experts sitting before us, and perhaps more importantly, to the ex-
perts across the science and engineering community who constitute
the lifeblood of U.S. innovation and competitiveness.

Once again, I want to welcome and thank the witnesses before
us today, and I look forward to your testimony and to a fruitful dis-
cussion about NSF’s progress on a number of oversight issues.

And I yield back. Thank you.

[The prepared statement of Ms. Johnson follows:]
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Thank you Chairwornan Comstock and Ranking Member Lipinski for holding this hearing. And welcome
back to our distinguished witnesses, Dr. Cérdova and Ms. Lerner. This hearing is an opportunity to
introduce some of our new Members to the mission and operations of the National Science Foundation,
and to review progress on some longstanding oversight issues.

The National Science Foundation was established by Congress in 1950 to “promote the progress of
science.” Those very words are written into the enacting legislation, For more than six decades,
America’s scientists and engineers have been submitting their best and most creative ideas to the
Foundation for funding. For more than six decades, the Foundation has required that every one of those
proposals undergo merit-review by scientific peers in order to select and fund the best of the best. This is
the case for all fields of science and engineering supported by the Foundation, from physics and biology,
to earth systems science, to the social, behavioral, and economic sciences.

The enacting legislation also established NSF to “advance the national heaith, prosperity, and welfare”
and “to secure the national defense.” Those words are also central to NSF’s mission. The intent was not
that every grant would be required to meet these particular criteria, The guiding rule of basic research is
that you should not be constrained to a particular path or a particular application. To be constrained in
what research is pursued is to fail to ask the most fundamental and compelling questions in science and
engineering. To fail to ask the most fundamental and compelling questions is to miss out on the truly
transformative scientific and technological breakthroughs. The intent since 1950 has been that -- in the
aggregate -- the taxpayers’ investments in NSF would help contribute to a more secure and prosperous
nation. And the record shows they certainly have. This is as true for the social and behavioral sciences as
it is for physics and engineering.

This hearing is the first of two hearings this Committee will hoid before moving legislation to authorize
appropriations for the National Science Foundation and to take a fresh look at the Foundation’s 1950
organic Act. While Congress has passed minor amendments to the 1950 Act, the central mission of the
Foundation, and the Foundation’s reliance on competitive peer-review to identify and fund the best
proposals, have remain untouched. In short, the 1950 Act has proven remarkably durable and worth
preserving.

Over the last few years, we have had vigorous debates in this Committee about NSF’s mission and about
the process for selecting and funding the best and most worthy grant proposals. In the bipartisan
American Innovation and Competitiveness Act signed into law by President Obama in January, we
arrived at a compromise that reaffirmed NSE’s gold standard merit-review process while ensuring
transparency and accountability in their grant decisions. This was a good outcome for U.S. science and
for the taxpayer.
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As we consider additional NSF legislation this Congress, I hope that all of us sitting here behind the dais
will truly listen to the experts sitting before us and, perhaps more importantly, to the experts across the
science and engineering community who constitute the lifeblood of U.S. innovation and competitiveness.

Once again, | want to welcome and thank the witnesses before us today. I look forward to your testimony
and to a fruitful discussion about NSF’s progress on a number of oversight issues, and I yield back.
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Chairwoman CoOMSTOCK. Thank you. I'll now introduce our wit-
nesses. Our first witness today is Hon. France Cordova, Director of
the National Science Foundation. Dr. Cordova was sworn in as Di-
rector of the NSF in March 2014. She is President Emerita of Pur-
due University where she served as President from 2007 to 2012.
From 1993 to 1996, she served as the Chief Scientist at NASA, and
she is the recipient of NASA’s highest honor, the Distinguished
Service Medal. Dr. Cordova has a B.A. from Stanford University
and a Ph.D. in physics from the California Institute of Technology.

Our second witness today is Ms. Allison Lerner, Inspector Gen-
eral for the National Science Foundation. Before joining NSF in
April 2009, she served in many leadership positions at the Depart-
ment of Commerce, including Counsel to the Inspector General.
She has received several national awards for excellence, and in
2015 was appointed to serve as Vice Chair for the Council of In-
spectors General on Integrity and Efficiency. Ms. Lerner received
her law and undergraduate degrees from the University of Texas.

I now recognize Dr. Cordova for five minutes to present her testi-
mony.

TESTIMONY OF DR. FRANCE CORDOVA,
DIRECTOR, NATIONAL SCIENCE FOUNDATION (NSF)

Dr. C6rDOVA. Thank you, Chairwoman Comstock, Ranking Mem-
ber Lipinski, Chairman Smith, and Ranking Member Johnson, and
Members of the Subcommittee. I'm pleased to speak to you today
about the National Science Foundation.

From our beginning almost 70 years ago, NSF has operated in
concert with the National Science Board under an extraordinary
mandate: to promote the progress of science; to advance the na-
};‘ional health, prosperity, and welfare; to secure the national de-
ense.

NSF has an annual budget that is currently $7.5 billion. We op-
erate as a lean agency with low overhead. Fully 93 percent of our
budget goes to support research and education. Eighty-five percent
of that goes to universities and colleges across the country, includ-
ing community colleges, all of it decided by merit review.

While our annual budget represents just four percent of the total
federal budget for research and development, it accounts for 1/4 of
the total federal support for basic research conducted at U.S. col-
leges and universities. In some fields like computer science we're
the predominant support for academic research. NSF is the only
federal agency that funds fundamental science—high-risk, long-
term, curiosity-driven research—over nearly all fields of science
and engineering.

The history of NSF is a history of profound discoveries. Last
year, the first detection on Earth of gravitational waves were made
following NSF’s sustained investment for 40 years and revealing
the existence of large binary black holes. We have funded the re-
search of 223 people who went on to win the Nobel Prize.

Our mission—to fund high-risk fundamental research—has yield-
ed significant innovations with tremendous impact; for example, ar-
tificial intelligence, 3—D printing, technologies integral to the Inter-
net and the iPhone, lifesaving tools and therapies essential to our
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nation’s hospitals, discoveries that have had a profound impact on
our nation’s economy, security, and health.

NSF’s mission requires being responsive to the national needs
and changing landscape of science and engineering, and this means
having the flexibility to continue investing in fundamental research
that creates new knowledge in critical areas such as cybersecurity.
This also means sustained investment in developing a STEM-capa-
ble workforce, which can adeptly navigate the workplaces of the fu-
ture. We don’t know where the next groundbreaking discovery will
come from, nor who will make it.

NSF and the National Science Board have worked closely with
Congress, the Office of the Inspector General, the science commu-
nity, industry, and outside experts to be responsive to priority-set-
ting for our programs, to make internal improvements such as in-
creased transparency and accountability, and to be focused increas-
ingly on the management of our large, major user facilities.

The agency works closely with a wide array of partners to lever-
age its funding, as shown in this slide.

[Slide.]

Dr. CORDOVA. NSF recently fashioned a long-term research agen-
da to push the boundaries of knowledge in the form of 10 big ideas.
It’s a powerful vision that will ensure future generations continue
to reap the benefits of fundamental science research. Investing in
this strategic agenda, coupled with our sustained funding of cur-
rent core programs, will ensure that our country leads in discovery,
innovation, and impact.

And speaking of impact, I'd like to close with a short video that
shows but a few of the impacts of NSF’s contributions to society.

[Video shown.]

Dr. CORDOVA. I think you can see that NSF’s mission of investing
in scientific discovery and discoverers bolsters our economy and se-
curity and keeps us a great nation. Thank you. And I'd be happy
to answer any questions.

[The prepared statement of Dr. Cordova follows:]
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Overview and Oversight”

Chairwoman Comstock, Ranking Member Lipinski, and Members of the Subcommittee, it is my privilege
to be here with you today to discuss the National Science Foundation’s (NSF) unique mission, significant
impact on the economy and security of our nation. I will describe our efforts to implement provisions of
the American Innovation and Competitiveness Act (AICA), and to strive for excellence in agency
operations.

First, I would like to take this opportunity to thank this Committee for its work in developing the
bicameral, bipartisan American Innovation and Competitiveness Act. This Act affirms NSF’s long-
standing, world-renowned merit review process; maximizes research opportunities; and promotes NSF’s
commitment to diversity in STEM fields. It also incentivizes NSF prograrms that encourage private-sector
involvement and re-affirms NSF’s commitment to entrepreneurship and commercialization.

NSF: Building a Foundation for Success

NSF is governed by the NSF Act of 1950, as amended, to “promote the progress of science.” NSF
supports close to 2,000 colleges, universities, and other institutions, and receives on the average of 50,000
proposals each year, of which it funds approximately 11,000 grant proposals each year. Over 200,000
proposal reviews are conducted annually. The estimated number of people directly supported by NSF at
any given time is close to 300,000. This includes researchers, postdoctoral fellows, trainees, teachers, and
students. NSF has also supported close to 50,000 graduate research fellows since 1952 through its
flagship Graduate Research Fellowship Program. We are a lean agency with only 7% overhead. That
means 93 percent of appropriated funds directly support research and STEM education, 85% of it at our
nation’s colleges and universities.

The Foundation's annual budget, $7.5 billion in fiscal year 2016, represents just four percent of the total
federal budget for research and development, but accounts for 24 percent of the total federal support for
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basic research conducted at U.S. colleges and universities, and this share increases to 60 percent when
medical research supported by the National Institutes of Health is excluded. NSF is the primary source of
federal academic support in many fields. For example, NSF provides 82% of the funding for academic
computer science.

The cornerstone of NSF is the merit-based, competitive process that fosters the highest standards of
excellence and accountability. The merit review process is one of NSF’s critical business functions.
Effective merit review recognizes high-quality research, including high-risk, high reward or potentially
transformative ideas, empowers NSF to support such proposals, and retains the confidence and trust of
NSF’s external stakeholders. NSF has the latitude to support emerging fields, high risk ideas,
interdisciplinary collaborations, and research that pushes — and even creates — the frontiers of knowledge.
NSF uses two criteria as the basis for all proposal reviews: Intellectual Merit and Broader Impacts. The
programs and practices which the hard-working and dedicated staff at NSF have created have been
emulated around the world. NSF support has nurtured the creative talents of hundreds of thousands of
scientists, engineers, students, and educators in every part of the U.S. NSF has supported the discoveries
of some 223 American Nobel Prize winners. This represents about 70 percent of all the U.S. Nobel Prize
winners since 1950.

As the nation’s fundamental research funding agency, NSF is unique. Our mission is as broad as science
itself. We support all fields of fundamental science and engineering (S&E), and STEM education in one
agency, keeping our nation’s scientific enterprise focused on the frontiers of research and education. We
recognize and nurture emerging fields, encourage the most insightful ideas, and prepare future
generations of scientists and engineers.

Reflection

In a few years, NSF will celebrate its 70th birthday. As we reflect on the enormous impact the agency has
had on every facet of society, we can say with certainty that the results of frontier research funded by NSF
have a long record of improving lives and meeting national needs. They are the very bedrock of
economic growth; the path to sustainability in energy, agricultural, and environmental domains; the seeds
of the next technology revolution; and the foundation for advances in medicine and national security.

From the beginning, NSF has focused on the frontier, where discoveries — and discoverers — begin.
An example of frontier research is the first direct detection of gravitational waves by NSF's Laser
Interferometer Gravitational-Wave Observatory (LIGO) just last year. This historic discovery first began
to be funded by NSF in the 1970’s as a transformational idea to test one of the predictions of Einstein's
theory of General Relativity. The sources of the gravitational waves thus far discovered have been
identified as the merger of large black holes in binary systems. This interpretation could not have been
made without computer modeling and simulations, performed by NSF-funded researchers on NSF-funded
supercomputers. The direct detection of gravitational waves is an example of high-risk, high-reward
government funding of basic research. It illustrates the importance of NSF and its role in making
transformative discoveries.

This discovery last year is a beginning, not an end. In much the same way as when Galileo first turned his
telescope towards the night skies or when radio astronomy transformed our view of the universe, we now
have a tool to probe the most violent phenomena in the furthest reaches of the cosmos.

The majesty of discovering our universe motivates ambitious experiments, but as with all fundamental
science, LIGO offers other important benefits. This science will advance education, inspiring students and
developing the workforce our society requires. It has, and will continue, to lead to collaborations in
engineering, computer science, and other fields. This project has already led to other unpredictable
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advances, enabling technology spin-offs ranging from vibration isolation to mirror coatings to vacuum
technology, that make the Nation more competitive. Significantly, industrial manufacturers were crucial
partners in an effort driven by the goal of making an unprecedented measurement.

NSF has several programs to create and expand partnerships with the business community. I will briefly
touch on two of these programs. The Industry—University Cooperative Research Centers IUCRC)
Program was created in 1973 to develop long-term partnerships among industry, academe and
government. NSF invests in these partnerships to promote research of mutual interest, contribute to the
nation's research infrastructure base, enhance the intellectual capacity of the engineering and science
workforce, and facilitate technology transfer. NSF currently supports 77 IUCRCs involving over 200
university sites. Each center has, on average, approximately 17 industrial partners. For every dollar
provided to a center from the NSF ITUCRC Program approximately seven dollars are provided by the
industry members and other sources. More than 2,000 students conduct research at [UCRCs each year,
and approximately 30% of those students graduating each year are hired by the center’s member
companies. The NSF Innovation Corps (I-Corps™) Program enables engineers and scientists to
translate new discoveries into technologies with near-term benefits for the economy and society. Eight I-
Corps Nodes and 56 I-Corps Sites form a National Innovation Network that stimulates the formation of I-
Corps Teams that each include a technology expert, student entrepreneur, and a business mentor. The I-
Corps Nodes then provide the training for those Teams. To date more than 900 Teams have completed the
I-Corps Program resulting in the creation of more than 350 startups.

NSF provides a much-needed bridge between research and discovery that would otherwise be neglected
and remain untapped by the commercial marketplace. In the 1970°s, research on solid modeling by NSF-
funded scientists at Carnegie Melion University led to widespread use of Computer-Aided Design and
Computer-Aided Manufacturing, which together have revolutionized much of the U.S. manufacturing
industry. NSF encouraged investigations into design problems that neither private firms nor federal
mission agencies were willing to address because of their long-term, high-risk nature. Many more
examples of NSF returns on investments can be found in the addendum to this testimony.

Leadership

During 1ny tenure as Director of NSF I have been witness to discoveries 40 years in the making, and I
have had the privilege of meeting and interacting with talented researchers and students from all over the
world. In addition, I have worked with a remarkable staff dedicated to the mission of NSF. Itisa
privilege to lead such an agile, capable organization.

For any organization to survive and thrive it needs responsible leadership. NSF has worked closely with
Congress, the community, industry, and outside experts to be responsive to the changing priorities for
science, engineering, and STEM education, as well as transparency and accountability in our award
process, and the management of our multi-user facilities, among other things. We appreciate the
opportunity to work with this committee and others to make NSF the best it can be, and look forward to
continuing to make progress.

Leadership is about looking ahead, and that is why NSF came up with 10 Big Ideas” on the cusp of
a breakthrough. NSF’s 10 Big Ideas focus on: (1) pushing the existing boundaries of knowledge; (2)
pinpointing new opportunities to seize; and (3) closing gaps - enabling these and more big ideas to move
us beyond the minimum requirements needed to kecp pace with other competitive nations. They are
briefly described in an attached document.
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Federal investments in fundamental science and engineering and STEM training are increasingly
important to help establish U.S. leadership in next-generation technologies, especially as other nations
intensify their support of research, development, and education. U.S. leadership is important in part
because there is unprecedented global competition for the world-class talent who generate innovative
scientific ideas and make up the technical workforce.

STEM Education and the AICA

NSF is unique among agencies in its integration of education and workforce development activities
with fundamental research in all areas of science and engineering. The goals of the American
Innovation and Competitiveness Act of 2017 align with this integrated mission, and implementation of
the STEM education provisions are well underway. NSF’s investment in STEM education is in the
national interest, as it is designed to establish the evidence base for the most promising education
practices for building the nation’s STEM workforce at scale. NSF’s implementation of the STEM
education provisions in AICA emphasizes the improvement of STEM education to prepare tomorrow’s
workforce.

NSF administers programs that are key to the preparation of the STEM workforce in strategic areas of
national need. The Cybercorps: Scholarships for Service prepares students to join the Federal, state, and
local governments as cybersecurity experts. The Robert Noyce Teacher Scholarship program recruits
STEM majors and prepares them to be highly effective elementary and secondary science and
mathematics teachers in high-need local educational agencies. Diversity, inclusion, and broadening
participation in science, technology, engineering, and mathematics (STEM) are essential to the
development of a strong and innovative STEM workforce for our nation. NSF INCLUDES (Inclusion
across the Nation of Communities of Underrepresented Discoverers in Engineering and Science) furthers
NSF’s commitment to building a diverse and well prepared STEM workforce by taking a comprehensive
approach to fully engaging the nation’s talent in STEM in order to secure our Nation’s long-term
economic competitiveness.

The integration of science and education is well illustrated in such programs as NSF’s Advancing
Informal STEM Learning (AISL) program. AISL provides opportunities for partnership between experts
in learning and communication with scientists across the NSF directorates to design and study the most
effective ways of engaging broad audiences with science and engineering outside of formal education
settings. And, in the NSF-wide Improving Undergraduate STEM Education (IUSE) and Research
Experiences for Undergraduates programs the education experts partner with researchers in the science
and engineering disciplines to provide the most effective research experiences early in an undergraduate’s
tenure. Increasingly we are encouraging partnerships among 2-year and 4-year institutions, and studies o1
the effectiveness of different approaches. Projects with course-based research experiences in
introductory/first-year courses are also funded by IUSE and provide another way for a beginning
undergraduate to have a research experience. And, efforts to better understand how students come to learn
the important skills of computer science and computational thinking are addressed across multiple
programs.

AICA provides a useful blueprint for NSF’s continued critical contributions to the development of a
skilled and diverse STEM workforce, and we appreciate your recognition of the leadership role expected
of the agency in providing an evidence base for the improvement of STEM education through continued
integration of science and education, and coordination with colleagues across agencies.
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Striving for Excellence

Transparency and Accountability - Working closely with our congressional authorizers and
appropriators, especially this committee, NSF has taken up the charge in promoting transparency and
accountability. Indeed, NSF transparency and accountability efforts are well-aligned to Section 102 of the
AICA. They assure the public value of scientific research through clear communication of the merit
review process, the resultant grants that are funded, and the potential impact for our nation that can accrue
from these grants.

Since NSF provides information about its processes and awards in many different ways, we created a
single Transparency and Accountability web page during the past year to link to a broad range of NSF
activities (see https://nsf.gov/od/transparency/transparency. jsp). This page now provides links for the
public to a diverse array of information including reports to the National Science Board on NSF’s merit
review process, our plan for public access to the results of NSF-funded research, budget and performance
reports, Committee of Visitors reports, and more,

NSF’s transparency and accountability initiative has focused on increasing the clarity of the language
used to describe new awards in recognition of the fact that titles and abstracts are an important way to
communicate with the public. Policies were put in place emphasizing the need for each award title and
abstract to clearly convey, to a broad audience, the nature and importance of the funded activity. In
support of the new policies, NSF enhanced its training and internal communications on the writing of
titles and abstracts. The combination of the new policy and training has begun to improve the quality of
the titles and abstracts, and NSF will continue to monitor results to ensure continuing improvement. We
were pleased that the AICA recognized that “the Foundation has improved transparency and
accountability of the outcomes made through the merit review process.”

Management of Large Facilities — The members of this Committee, the NSF Inspector General (OIG),
and the expert panel assembled by the National Academy of Public Administration (NAPA) have all been
helpful to the agency in identifying areas where NSF can improve and make our oversight of critical
science-support facilities even stronger. The NAPA report emphasized the need for heightened
accountability and oversight, particularly with respect to large-scale research infrastructure, as NSF
pursues its mission to support basic research at the frontiers of science and engineering. The agency is
committed to improving the rigor and oversight of its processes and deploying appropriate levels of
project, programmatic, and fmancial management expertise.

NSF has done a substantial amount of work over the past few years and the NAPA report has allowed us
to sharpen our focus over the past year in particular. I’m very pleased to report to the Committee, that
NSF has fully evaluated nearly all of the NAPA recommendations and fully implemented what we
consider to be the highest priority items. Only a few are still undergoing internal discussion and will
require a reasonable amount of additional time to implement. This effort, and our close coordination with
your staff and our OIG, has made NSF nearly fully compliant with the requirements of the American
Innovation and Competiveness Act related to major science facilities. We expect that we will only have
to make minor procedural adjustments related to Independent Cost Estimates and the cadence of incurred
cost audits. Those procedural adjustments are now underway and, as with the rest of the COMPETES
requirements, will be implemented on all current and future projects.
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Conclusion

Madam Chairwoman, NSF maintains its longstanding commitment to supporting research that drives
scientific discovery, maintains America’s global competitiveness, and builds the modem workforce that is
critical for addressing the complex challenges that face the Nation. NSF’s broad portfolio positions the
agency to contribute productively and rapidly to important national challenges. NSF is vital because we
invest in basic research and people who make the discoveries that transform our future.

With the continued support of this committee, the community, and outside experts, NSF will continue to
thrive in its mission to “promote the progress of science.”
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France A. Cérdova is an astrophysicist and the 14th director of the National Science Foundation (NSF), the
only government agency charged with advancing all fields of scientific discovery, technological innovation,
and science, technology, engineering and mathematics (STEM) education. NSF is a $7.5 billion
independent federal agency, its programs and initiatives keepthe United States at the forefront of science
and engineering, empower future generations of scientists and engineers, and foster U.S. prosperity and
global leadership.

Cérdova is president emerita of Purdue University, and chancelfor emerita of the University of Caiifornia,
Riverside, whete she was a distinguished professor of physics and asttonomy. Gérdova was the vice
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Previously, Cordova served as NASA's chief scientist. Prior to joining NASA, she was on the faculty of the
Pennsylvania State University where she headed the department of astronomy and astrophysics. Cérdova
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She received her Bachelor of Arts degree from Stanford University and her doctorate in physics from the
California Institute of Technology.
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Chairwoman COMSTOCK. Now, we’ll hear from Ms. Lerner, five
minutes.

TESTIMONY OF MS. ALLISON LERNER,
INSPECTOR GENERAL,
NATIONAL SCIENCE FOUNDATION (NSF)

Ms. LERNER. Thank you, Chairwoman Comstock, Ranking Mem-
ber Lipinski, Chairman Smith, and Ranking Member Johnson, and
Members of the Subcommittee. As requested, my testimony will
provide an oversight update, discuss continuing management chal-
lenges, and outline the Foundation’s progress toward addressing
OIG recommendations.

I will focus on three of NSF’s top management challenges: ensur-
ing accountability over large cooperative agreements, the manage-
ment of the Intergovernmental Personnel Act program, and the
need to ensure the ethical conduct of research.

With respect to the first challenge, NSF uses cooperative agree-
ments to construct its largest and riskiest projects. Since 2010, my
office has issued 28 reports containing more than 80 recommenda-
tions related to NSF’s use and management of cooperative agree-
ments. As a result of this work, NSF has developed new policies,
procedures, and guidance which represent important steps towards
accomplishing the goal of increased accountability over such
projects.

While NSF’s actions led to the removal of a significant deficiency
on NSF’s monitoring of large cooperative agreements from the
agency’s 2016 financial statement audit, the Foundation’s work in
this area is ongoing. My testimony will highlight recommendations
related to incurred cost submissions, earned value management
systems, lifecycle cost surveillance, and management fees, all of
which remain open and are critical to NSF’s ability to enhance ac-
countability over its large facility projects.

Incurred cost submissions provide information that is critical for
adequate stewardship of federal funds. We have recommended that
NSF require these submissions annually for projects valued at $50
million or more. NSF has developed a tool to collect expenditure
data, which is currently being tested. When awardees start using
this tool, we will evaluate the data provided and NSF’s actions in
response to that information.

We have also recommended that NSF require awardees to certify
their earned value management systems, which provide critical in-
formation about a project’s schedule and cost and validate the data
awardees submit to such systems. We are currently reviewing new
guidance NSF has developed to address these recommendations.

Because our work has identified risk across the lifecycle of NSF’s
large facility projects, we recommended that NSF increase end-to-
end cost surveillance for such projects, including obtaining current
cost estimates and ensuring that awardees’ accounting systems can
properly handle federal funds. NSF has developed new policies and
procedures to address these recommendations and has agreed to
have a third-party evaluate their implementation.

With respect to management fees, our audits found that NSF did
not obtain support from awardees to determine the need for such
a fee and did not review the changes—charges awardees paid using
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management fee. We have recommended that NSF require award-
ees seeking such fee to detail all the sources of revenue. NSF is re-
vising its management fee policy but has not committed to imple-
menting this recommendation.

Moving forward, we will examine how NSF is applying its new
policies and procedures for both construction and operations
awards and pay close attention to NSF’s actions in response to new
oversight requirements in the American Innovation and Competi-
tiveness Act. A key contributor to the progress that has been made
in this challenge has been the Stewardship Collaborative, which
was established by OIG and NSF in 2010 as a collaborative effort
to help accomplish the shared mission of proper stewardship of the
taxpayers’ investment in science.

The second challenge I will address relates to NSF’s use of tem-
porary personnel under the Intergovernmental Personnel Act. NSF
regularly brings IPAs to NSF under rotational assignments of up
to four years. Since IPAs serve in a temporary capacity, there is
significant turnover in staff at NSF, especially in executive posi-
tions. The Foundation’s use of IPAs also comes at a high cost. In
2015, NSF paid nearly $8.9 million for 27 executive-level IPAs.

Finally, because IPAs remain employees of their home institu-
tions while at NSF, most come to the Foundation with known con-
flicts of interest, which must be identified, managed, and mitigated.
We have made recommendations to reduce costs associated with
IPAs and to strengthen controls over their conflicts. NSF has begun
to take steps to reduce IPA costs and, among other things, no
longer reimburses IPAs for lost consulting income. Moving forward,
we plan to examine NSF’s actions in response to our IPA-related
recommendations, as well as its actions in response to the Competi-
tiveness Act, which required the Foundation to report on its efforts
to reduce IPA costs.

The third challenge relates to the need to ensure the ethical con-
duct of research. Research misconduct, defined as plagiarism, fab-
rication, or falsification in proposed or funded research, damages
the scientific enterprise, is a potential use of—misuse of public
funds, and undermines the trust of citizens in government-funded
research. It is therefore crucial to the integrity of research funded
with taxpayer dollars that NSF-funded scientists adhere to the
highest ethical standards. NSF takes research misconduct seriously
and has been responsive to our recommendations.

My office will continue to utilize the full range of our audit and
investigative resources to exercise robust oversight of NSF steward-
ship of federal funds and to safeguard the integrity of the Founda-
tion’s operation. Public trust and confidence demand the highest
level of accountability, and we look forward to working with NSF
management, the National Science Board, and Congress to achieve
this goal.

Thank you, and I am happy to answer your questions.

[The prepared statement of Ms. Lerner follows:]
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Chairwoman Comstock, Ranking Member Lipinski, and Membets of the Subcommittee, I
appreciate this opportunity to discuss the Office of Inspector General’s (OIG) work to promote
the efficiency and effectiveness of the National Science Foundation’s (NSF) programs and
operations and to safeguard their integrity. My office is committed to providing rigorous,
independent oversight of NSF, and I welcome the chance to discuss some of the challenges
facing the Foundation, NSF’s progress in addressing these challenges, and work that remains to
further advance accountability and transparency at NSF.

Background

NSF is an independent federal agency and the funding source for approximately 24 percent of all
federally supported basic research conducted by the nation’s colleges and universities. In many
areas, such as mathematics and computer science, NSF is the major source of federal backing.
The Foundation funds approximately 12,000 new awards each year, thereby fulfilling its mission
to promote the progress of science. Proposals for funding are assessed by panels of experts as
part of NSE’s merit review process.

Awards are made primarily as grants to individuals and small groups of investigators, as well as
to research centers and facilities where scientists, engineers, and students undertake research
projects. The Foundation also uses cooperative agreements and contracts to fund major research
equipment such as telescopes, Antarctic research sites, and high-end computer facilities. In FY
2016, NSF was appropriated approximately $7.5 billion to carry out the Foundation’s programs
and operations.

The OIG is independent from NSF and reports directly to Congress and the National Science
Board (NSB). Our mission is to conduct independent and objective audits, inspections, reviews
and investigations of National Science Foundation programs and operations, and to recommend
policies and corrective actions to promote effectiveness and efficiency and prevent and detect
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waste, frand, and abuse. Consistent with our statutory mandate, the OIG has an oversight role
and does not determine policy or engage in management activities involving the Foundation or
program operations. Thus, my office is not responsible for managing any NSF programs, nor do
we attempt to assess the scientific merit of research funded by the Foundation.

The OIG has two main components: the Office of Audits and the Office of Investigations. The
Office of Audits is responsible for auditing NSF’s internal operations, as well as the grants,
contracts, and cooperative agreements funded by the Foundation. Among its ongoing
responsibilities are the annual audits of NSF’s financial statements and the annual reviews of
NSF’s information system security program.

Through our audit work, we are able to monitor management functions that may pose significant
financial or programmatic risks to the Foundation. In determining priorities for this work, we
consider the results of prior audits and consult with the Foundation’s senior management, the
National Science Board and Congress, the Office of Management and Budget, and members of
the research community supported by the Foundation. In selecting areas for audit, we assess
factors such as the risk involved in the activity, the potential for monetary recovery for the
government, and the greatest substantive benefit for NSF.

The Office of Investigations (OI) is responsible for investigating allegations of wrongdoing
involving NSF programs and operations, agency personnel, and organizations or individuals who
submit proposals to, receive awards from, or conduct business with NSF. OI also houses a team
of investigative scientists responsible for investigating allegations of fabrication, falsification or
plagiarism in NSF-funded research.

We focus our investigative resources on the most serious cases, as measured by such factors as
the amount of money involved, the seriousness of the alleged criminal, civil or ethical violations,
and the strength of the evidence. When appropriate, the results of these investigations are
referred to the Department of Justice for possible criminal prosecution or civil litigation, or to
NSF for administrative resolution.

Ongoing Management Challenges

NSF leads the world as an innovative agency dedicated to advancing science. Its awards have led
to many discoveries that have contributed to the country and the world’s economic growth.
Beyond its scientific mission, as a federal agency NSF must be a responsible steward of taxpayer
dollars and spend scarce research funds properly. Inattention to its fiscal and administrative
responsibilities can compromise NSF’s ability to reach its fullest potential.

In this vein, each September the OIG identifies the top management challenges facing the
Foundation. Thave attached a summary of the top challenges set forth in our most recent
Semiannual Report to Congress to this document; the complete version can be found
at:https://www.nsf.gov/oig/ pdf/FY17 Mgmt Challenge.pdf

My testimony today will focus on three of NSF’s continuing accountability challenges and the
Foundation’s progress toward addressing associated OIG recommendations. The challenges are:
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= Establishing accountability over large cooperative agreements
e Management of the Intergovernmental Personnel Act (IPA) program, and
e Ensuring the ethical conduct of research

Effective responses to these challenges would help ensure the integrity of NSF-funded projects,
and, in the case of the first two challenges, often also reduce their costs. I will discuss each of
these three topics in greater detail below,

Establishing Accountability over Large Cooperative Agreements

‘While NSF fulfills its mission primarily through grants to researchers and institutions to advance
promising science, the Foundation also uses cooperative agreements to construct and operate its
large research facility projects. As of January 25, 2017, NSF had 459 active cooperative
agreements totaling nearly $8 billion. Twenty-two of these agreements are valued at over $50
million each and add up cumulatively to more than $4.4 billion.

Since 2010, my office has issued 28 reports containing more than 80 recommendations to
improve NSF’s use and management of cooperative agreements for the construction and
operation of its high-dollar, high-risk research facilities. As a result of these reports, NSF has
developed new policies and procedures to strengthen its monitoring of such facilities.

Among other things, NSF’s new guidance requires completion of a Cost Proposal Review
Document (CPRD) for each large facility proposal to ensure that a thorough and well-
documented record exists of NSF’s determination that proposed costs are reasonable. The CPRD
is NSF’s analysis of whether an awardee’s proposed costs are supported adequately and
describes NSF’s plans for oversight of the award. NSF’s new guidance also requires the Grants
and Agreements Officer to determine that a project’s estimated costs are reasonable prior to
making a construction award for a facility.

These new policies and procedures represent important steps by NSF toward the goal of
increased accountability over the Foundation’s largest and riskiest projects. These actions led to
the removal of a significant deficiency on NSF’s inadequate monitoring of large cooperative
agreements from the agency’s FY 2016 financial statement audit. While this progress is
significant, NSF’s work in this area is ongoing.

My testimony will focus on four major categories of recommendations (ones related to the need
for annual incurred cost submissions, the validation and certification of awardees’ eamed value
management (EVM) systems and data, the creation of policies requiring end-to-end surveillance
of large cooperative agreements, and the oversight of management fees paid to large facility
awardees). These recommendations remain open and which are central to NSF’s ability to
enhance accountability over cooperative agreements for large facilities. My office and NSF
management continue to work together to resolve these recommendations.

Incurred cost submissions

Incurred cost submissions, which include certified schedules of direct costs by award and applied
indirect expenses, provide information that is critical for NSF to properly discharge its
administrative and fiduciary responsibilities as a steward of Federal funds. They are also
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essential tools for the conduct of an incurred cost audit. In some cases, the absence of properly
prepared incurred cost submissions has added months, and even years, to the time required for
audits conducted by my office.

To address this problem, we recommended that NSF require awardees with large facility
cooperative agreements in excess of $50 million to submit annual incurred cost submissions to
ensure that costs are allowable, reasonable, and in compliance with Federal requirements.

In response to our recommendation, NSF has developed a tool to collect expenditure data from
large facilities valued at $100 million or more. This tool and revisions in NSF’s Large Facilities
Manual are awaiting OMB approval, which NSF expects to receive this month. In addition, the
contractor NSF is using to conduct incurred cost audits is testing this tool with one of the
Foundation’s current large facility awardees.

The effectiveness of this tool depends on the quality of its implementation. When awardees start
submitting expenditure data using this tool, we will evaluate both the information being provided
and the actions NSF takes in response to that information.

Certification and Validation of Earned Value Management Systems

Proper oversight of a large facility project includes certifying the EVM system used to track the
project’s schedule and cost as well as validating the information the awardee provides in EVM
reports.

Certification of an EVM system is needed to ensure that an awardee maintajns an acceptable
system, which includes data to support scheduling of work and interim progress reports, among
other things. Our examination of thresholds other Federal agencies use when determining
whether an awardee’s EVM system should be certified found thresholds ranging from $10
million and $50 million.

Although the large facility awardees we have audited receive hundreds of millions of dollars in
NSF funding, to date NSF has not required that their EVM systems be certified. In 2017, NSF
verified (a process it indicated is similar to certification) the EVM system for the $473 million
Large Synoptic Telescope project and the $344 Daniel K. Inouye Solar Telescope, projects
which had been under construction for several years.

Validation of the data submitted by an awardee is an important tool for monitoring a project’s
spending and progress. If data is not validated, there is an increased risk that the information is
inaccurate and does not correctly reflect the project’s progress. For example, monthly EVM
progress reports for the NEON project were not accurate, which tndermined NSF’s ability to
promptly identify problems that nltimately led to NSF having to significantly de-scope the
project to avoid an $80 million cost overrun.

‘We recommended that NSF certify large facilities” EVM systems and validate the EVM data.
NSF receives monthly reports from large facility awardees with earned value management
information, which is used to measure project schedule and costs. If the EVM system is
providing poor quality information, then an overrun may not be detected in a timely manner, as
happened with the NEON project.

NSF has developed new guidance requiring verification of large facilities’ EVM systems. It also
developed new guidance related to the validation of large facilities’ EVM systems and data, and
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informed us that it has begun validating inputs into EVM systems. We are reviewing the new
guidance to assess whether it is sufficiently robust to safeguard Federal funds and will provide
feedback on that point to NSF.

End to End Cost Surveillance

Our audits and inspections of NSF’s high-dollar large facility construction projects identified risks
across the lifecycle of such projects. As a result, we recommended that NSF increase end-to-end
cost surveillance for its largest and riskiest cooperative agreements valued at more than $100
million. At the pre-award stage, such surveillance would include obtaining updated cost estimates
and audits of awardees’ proposed budgets and cost accounting systems/estimating practices. A’
the post-award stage, the monitoring would include requiring annual incurred cost submissions
and incurred cost audits.

In response to this recommendation, NSF issued new policies, procedures and standard operating
guidance covering topics from reviewing proposal budgets to incurred cost audits and agreed to
have a third party evaluate the implementation of the new procedures. The estimated completion
date for the third party evaluation is September 30, 2017.

Management Fees

Management fees have long been provided to Federally Funded Research and Development
Centers (FFRDCs) based on a recognition that these centers -- which are typically non-profit
entities almost wholly dependent on government funding -- might need to incur costs that cannot
be reimbursed by the government. Under such circumstances, management fee was created to
enable an FFRDC to be reimbursed for “ordinary and necessary” but otherwise unallowable
business expenses that were essential to maintaining the FFRDC’s financial viability. Such
expenses might include working capital and interest payments.

Audits of NSF’s negotiation, award, and management fee for two large facility projects found,
among other things, that NSF did not obtain supporting documentation to determine the need for
management fee and did not review actual expenditures that awardees paid using management fees
to determine if expenditures were for ordinary and necessary business expenses.

We recommended that NFS require that awardees seeking management fee submit a written
assertion of need detailing all their sources of revenue. NSF could use such information to help it
determine whether the awardee has insufficient access to non-Federal funding to cover otherwise
unallowable expenses necessary to maintain its financial viability and thus should receive
management fee.

In addition to our recommendations on this topic, the December 2015 National Academy of
Public Administration report which examined NSF’s use and management of large cooperative
agreements recommended that NSF end its use of management fees in cooperative agreements as
a means of eliminating the additional management burdens associated with monitoring the award
and because of the potential that inappropriate expenses will be funded by such fees.

NSF indicated it will be revising its management fee policies but has not committed to requiring
awardees to report on other sources of revenue. It also indicated that it would like to calculate
management fee using weighted guidelines similar to those found in contracts. We plan to
review the revised policy to assess whether it is consistent with the historical bases for such fees.

5
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OIG’s Ongoing and Future Work related to the Management of Large Cooperative
Agreements

‘While the Foundation has made real progress in its management of large cooperative agreements,
we will continue to monitor this area because of the unique challenges it poses to the Foundation.

Based on the serious nature of this challenge and the progress that has been made to date, our
objective moving forward is to examine how NSF is applying its new policies, procedures and
guidance to strengthen accountability for both construction and operations awards from the pre-
award stage through the lifecycle of the award. Successful implementation will require sustained
management attention, effective communication with the awardee community, clear award terms
and conditions, and most importantly, a continuing commitment to change culture at NSF.

We are currently auditing NSE’s application of its new policies and procedures in one of its large
facility research projects that is nearing the end of the construction phase. We expect to issue
that report in the next few months.

Additionally, we are auditing NSF’s oversight of a sample of sub-recipients including large
facility sub-recipients, in response to a provision in the American Innovation and Competiveness
Act. Prior audit work disclosed that NSF could strengthen accountability over significant
funding that is awarded to sub-recipients in large facility projects.

As we expand our work to examine NSF’s oversight of the operation phase of large facilities, we
recently started an audit to determine if NSF’s internal controls are sufficient to ensure that the
transfer of funds between construction and operation accounts follows applicable Federal
requirements.

We will also pay close attention to the actions NSF takes in response to requirements in the
American Innovation and Competitiveness Act. The Act contains a number of key oversight
requirements related to NSF’s large facility portfolio. For instance, it requires NSF to conduct a
pre-award analysis of costs before making an award, obtain periodic external reviews on project
management and performance, retain control over funds budgeted for contingency, and to
establish guidelines regarding inappropriate expenditures associated with all fee types.

Management of the Intergovernmental Personnel Act Program

To further the agency’s mission of supporting science and engineering research and education,
NSF draws on scientists, engineers, and educators on rotational assignment from academia,
industry or other eligible organizations. All of the non-permanent appointments are Federal
employees with the exception of those who come to NSF under Intergovernmental Personnel Act
(IPA) assignments. Individuals on IPA appointments remain employees of their home
institutions. As a result, pay and benefits for IPAs are set by their home institutions and are not
subject to limitations on Federal pay and benefits.

While there are benefits that come from having IPAs at NSF, there are also challenges. For
example, because [PAs can serve in a temporary capacity only up to four years, there is
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significant turnover in staff at NSF, especially in executive positions charged with leading the
Foundation and setting its vision. As of December 2016, five of the seven Assistant Directors,
whose primary responsibility is providing leadership and direction to the Foundation’s scientific
directorates, are IPAs (one Assistant Director slot is vacant). In addition, as of the same date, 20
out of NSF’s 29 scientific divisions are led by IPAs (2 of those positions are vacant).

The Foundation’s use of IPAs comes at a high cost and these costs are rising. In 2015, NSF paid
nearly $8.9 million! for 27 executive-level IPAs, compared to $6.5 million for the same expenses
for 21 executive-level IPAs in 2012, IPA salaries can also significantly exceed the salaries of the
highest paid Federal employees. In 2015, the highest executive-level IPA salary was more than
$440,000, up 45 percent from $301,247 in 2012. In 2015, the salaries for all but two executive
level IPAs were more than the highest salary of a Federal employee at NSF. The number of
IPAs has also increased--in 2009, there were 20 executive-level IPAs, whereas there were 29
executive-level IPAs in December 2016.

Finally, because most IPAs remain employees of their home institutions while at NSF and expect
to return there after their tenure at the Foundation ends, most come to NSF with known conflicts
of interests. In light of the Foundation’s reliance on IPAs to make funding decisions, it is critical
that strong controls be in place to identify and mitigate conflicts of interests that occur as a result
of IPAs’ own research activities or their connections with their home institutions. In June 2015
we issued a Management Implication Report (MIR), which disclosed a significant breakdown of
numerous controls over an IPA’s conflicts in one directorate.

Since 2010, we recommended that NSF evaluate ways to reduce IPA costs and have suggested,
among other things, that the Foundation consider expanding the use of telework for IPAs and
seeking greater cost sharing from IPAs® home institutions. Because IPA salaries and benefits are
funded with program-related appropriations, savings in IPA costs would free up funds for
additional research. We also made recommendations intended to enhance the Foundation’s
ability to manage IPA conflicts of interests.

In response to our recommendations related to the costs of IPAs, NSF no longer reimburses IPAs
for lost consulting income; previously IPAs could receive up to $10,000 from NSF each year for
consulting income they received while at their institutions. NSF also formed a steering
committee in April 2016 to explore opportunities to reduce IPA costs. To this end, NSF
indicated that it will pilot a required 10 percent cost sharing of IPAs> academic-year salary and
fringe benefits in FY 2017.

In its August 2015 response to our MIR, NSF management asserted that existing controls were
sufficient to address potential rotators’ COIs. On March 3, 2017, the NSF Director issued a
memorandum stressing how important it is for all employees and rotators to uphold the highest
ethical standards. The memorandum also urged employees to take seriously their obligations to
attend ethics training and to file timely financial reports.

Moving forward, we will continue to monitor NSF’s actions in response to our IPA-related
recommendations. We will also examine NSF’s actions in response to the American Innovation

1 Includes salary, fringe benefits, lost consulting, and per diem.
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and Competitiveness Act, which required the Foundation to report on its efforts to cut costs
associated with employing IPAs.

Finally, in the next few weeks we expect to release a report assessing NSF’s controls over
rotators” COIs with an emphasis on the Foundation®s progress in addressing recommendations
from our June 2015 MIR.

Encouraging the Ethical Conduct of Research

Research misconduct—defined as plagiarism, data fabrication, or data falsification in proposed
or funded research--damages the scientific enterprise, is a potential misuse of public funds, and
undermines the trust of citizens in government-funded research. Falsification and fabrication in
NSF-funded projects can literally cost lives, while plagiarism in such work is dishonest (and
potentially actionable). It is therefore crucial to the integrity of research funded with taxpayer
dollars that NSF-funded scientists adhere to the highest ethical standards as they carry out their
projects. For these reasons, we continue to pursue allegations of research misconduct by NSE-
funded researchers.

In recent years, we have seen a significant rise in the number of substantive allegations of
research misconduct associated with NSF proposals and awards. Over the past four years, we
have reported 175 research misconduct cases in our semiannual reports to Congress

Examples of significant cases include plagiarism by a full professor who claimed that he did not
know that he should use quotation marks when he copied text into his NSF proposal; falsification
by a graduate student who lied to university officials and pursued a legal challenge to an OIG
subpoena; and data fabrication by a graduate student who improperly manipulated data.

NSF takes research misconduct seriously, as do NSF’s awardee institutions. During our most
recent semiannual reporting period, institutions took actions against individuals found to have
committed research misconduct, ranging from letters of reprimand to termination of
employment. Over the past four years, NSF’s actions in response to our recommendations ranged
from a letter of reprimand to a 5-year government-wide debarment.

NSF and OIG recently developed a new system to track the Foundation’s response to our
recommendations related to our research misconduct investigations. This system provides
increased transparency and helps both NSF and OIG track the status of the recommendations.

We also perform outreach to universities and others in the research community to provide
training and preventing, detecting, and investigating research misconduct. These efforts include
briefings with university investigation and inquiry committees, research administrators, and
graduate school officials, among others. In addition, our website contains links to all research
misconduct case close-outs, which illustrate the fact patterns from our cases that can be used for
training.

We will continue our investigative and outreach efforts in this area. In addition, in the next few
weeks, we expect to issue areport detailing the results of our survey of institutions’ efforts to
implement Responsible Conduct of Research training required by the American COMPETES
Act of 2007.
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NSF/O1G Efforts to Strengthen Accountability: The Stewardship Collaborative

In conclusion, I would like to highlight the joint efforts NSF and OIG have made to improve the
stewardship of Federal funds. O1G and NSF established the Stewardship Collaborative in 2010 tc
help achieve a shared mission — the proper stewardship of taxpayers’ investment in science,
engineering, and education.

The Collaborative is comprised of staff from NSF’s financial administration division and OIG’s
Office of Audits, and is chaired by Semor Executive leaders from both offices. It meets monthly
to discuss current issues and identify possible upcoming barriers to resolution, as well as
potential solutions. For example, it recently sponsored joint training to improve understanding of
the audit resolution process, including participants® individual responsibilities.

In addition to increasing positive communication between NSF and OIG, the Collaborative has
been instrumental in ensuring that management decisions are made by the right people within
NSF. It has thus helped resolve a number of critical audit recommendations more efficiently.
Most importantly, the Collaborative has facilitated accountability over the use of Federal funds
without compromising OIG’s independence, a fundamental tenet of the Inspector General Act.

Conclusion -

Scientific research and discovery are the building blocks of the technological advances that are
essential for our nation’s economy to grow and to meet the challenges of the future, and NSF has
an essential role to play in promoting scientific discovery. For the agency to achieve its mission,
NSF must spend its research funds in the most effective and efficient manner while maintaining
the highest level of accountability over taxpayer dollars.

NSF applies its highest level of attention and scrutiny to determine the scientific merit of the
projects it decides to fund. It is imperative that NSF apply the same rigorous attention and
scrutiny to its financial management of its programs and operations. My office will continue to
utilize the full range of our audit and investigative resources to exercise robust oversight of
NSF’s stewardship of Federal funds and to safeguard the integrity of the Foundation’s
operations.

Public trust and confidence demand the highest level of accountability, and we look forward to
working with NSF management, the National Science Board, and Congress to achieve this goal.

I would be happy to answer any questions.
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Chairwoman CoMSTOCK. Thank you.

And I now recognize myself for five minutes for questions.

Dr. Cérdova, as I mentioned in my opening statement, I'm very
interested in the investments that NSF is making in cybersecurity
research and education, and obviously, we are seeing that is a
growing area where we need to make sure that our country is on
the cutting edge so that we can protect all of our assets, whether
they’re financial, military, and otherwise.

I see there are some more students here, right? Do have some
students here, another group, because we had one earlier? I wanted
to recognize you and thank you. What school are you all from?
Lake Braddock? Oh, great. So they might be yours, Mr. Beyer’s, or
some of Mr. Connelly’s.

Okay. Great. Well, very nice to have you here. Cybersecurity is
an area you can all study, right? Lots of good jobs there. Sorry, I'm
off track here.

But anything you might be able to tell us on how NSF can best
work with industry to make sure that cyber education programs
match the workforce needs and to make sure that we are really re-
sponding to this, you know, great need and sort of the crisis we
have in having a cyber workforce.

Dr. CORDOVA. Thank you for your question, Chairwoman Com-
stock. Let me take this opportunity to say welcome to the students,
and I hope that eventually you will apply for an NSF grant.

Cybersecurity and all things cyber is really the theme of our age.
When I was the student’s age, we didn’t have nearly so much cyber
to utilize and do good things for us, nor to also pose the kinds of
threats that it does today.

We were very pleased to see Congress’ interest in some of the
programs that we have like Computer Science for All and our
CyberCore programs. Those are two of them. I just want to say a
couple of words about each. Computer Science for All has the goal
of preparing students for 21st century jobs. NSF has a plan with
other agencies too. We do this through our education directorate
and also our computer directorate to encourage teacher training in
computer science in K-12, and to encourage all students to take
computer science because we think that this—combined of course
with English and reading and mathematics studies—will make
them prepared to do anything.

As a consequence of these programs, NSF is investing in activi-
ties to advance effective teaching and learning of computer science.
We are supporting the design of instructive materials and scalable
and sustainable professional development models and resources.

We also have a program called CyberCorps, which we do with a
couple of other agencies. We do it with the Department of Home-
land Security and the Office of Personnel Management, and we
work closely to monitor trends in the availability of positions in
government and evolving needs in the preparation of cybersecurity
experts. Every year we hold a jobs fair in January, and this was
well attended by some Congressmen and a Senator as well. There
we hear from agencies across the government about their needs,
and we try to match students who are prepared to take these jobs
with those availabilities. Those are just some of the indications.
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Of course, you mentioned industry, Chairwoman Comstock, and
we have a lot of programs with industry that are very excited
about pioneering new methods of including cybersecurity grants to
go along with their needs for their industries.

Chairwoman COMSTOCK. Great. Now, on another area in terms
of veterans and transitioning them to STEM careers, I wanted to
see how NSF is tracking veterans and the hiring of veterans, and
if you are able to give us—can you add a box to the form so we
know how many veterans are actually getting grants or how much
they’re involved in the STEM careers where you’re working with
veterans? Do you have an estimate on veterans’ involvement?

Dr. CORDOVA. I can prepare a better answer for you that would
follow this hearing because I don’t know all the details.

I am aware of an event because I've participated in it where we
fund veterans as graduate students and we bring them to the agen-
cy to talk about what they do how they're transforming their lives.
This is a very special Veterans Day event to see the effect that it’s
had on graduate students, and to hear that one time when they
were in the desert and looking up at the stars they decided that
when I'm finished with my assignment I'm going to be an astron-
omer, that sort of thing. They are doing all sorts of STEM-related
graduate studies. I know that we have other programs for veterans,
and I'll be happy to supply that information later.

Chairwoman COMSTOCK. Great. Thank you.

And I now recognize Mr. Lipinski for five minutes.

Mr. LipiNskI. Thank you. Dr. Cérdova, I just want to—I'm going
to ask a very sort of high-level question, but I think it’s important
to understand—for everyone to understand how the NSF devel-
ops—or how the research budget across the different directorates
in the NSF—the offices in NSF is developed so we all have a good
understanding of how the priorities are established within and
across the directorates. Could you give the thumbnail sketch of
that?

Dr. CORDOVA. There are many, many inputs in setting research
priorities for each of the directorates and for the agency as a whole.
Those inputs can come from Congress itself, from the White House,
and clearly from the science and engineering communities. The Na-
tional Academy plays a big role as well. In some cases they have
studies which they call decadal or ten-year studies that take a year
or more to do, and they set out the priorities for particular fields.
We are very responsive to all the input that we get.

After that, we have to make decisions with the leadership and
the staff about what directions look like they’re current, and that
we're getting a lot of input on, to pursue and weigh what the budg-
et is that we have in order to look for a balance across the agency
to support all fields of STEM engineering. Because, as I said in my
opening remarks, we don’t know where the next discovery will
come from, nor who will make it, and so we want to be sure that
we support all of science and engineering.

Mr. LIPINSKI. And in regard to—my understanding is there’s
much more that is being done now across directorates, across
fields. Is that—

Dr. CORDOVA. Yes.

Mr. LIPINSKI. —accurate?
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Dr. CORDOVA. Yes, absolutely. We do a lot of cross-directorate
projects. A good example would be our food, water, energy systems
studies because food, water, and energy are vital to our economy
and the whole globe. Another cross-directorate initiative would be
our Risk and Resilience Initiative. We have a lot of risks from
earthquakes and floods and hurricanes, all kinds of phenomenon,
and we want to be sure that citizens are prepared enough to per-
haps mitigate or prevent some of these from happening with such
devastating consequences.

I showed a slide of NSF’s 10 big ideas, and all of those I would
say represent cross-directorate pursuits of the really big research
areas where we can make an impact on our future.

Mr. LIPINSKI. And finally, the impact that we see from research
in the social and behavioral sciences—I know that’s something, as
you know, that I have often talked about here because the impor-
tance—even though it’s a very small part of the NSF budget. Are
there any of the—are there any grand challenges in social and be-
havioral sciences that you can talk about here?

Dr. COrDOVA. Well, I think we saw in the video a whole lot of
them to do with national security. In any endeavor where there are
people involved, either as individuals or as groups, the social
sciences become very important. So cybersecurity has already been
mentioned a number of times this morning, and I know you’ve had
hearings on cybersecurity and you've learned that—we've all
learned that much of our cybersecurity depends on individuals and
their responses to make us secure.

I can’t think of a sphere of human endeavor that doesn’t really
need social sciences to inform it. One of our big ideas is called the
Human Technology Frontier. We know that, as we’re speaking,
that life is changing, the way that we work and we play, how we
educate ourselves. It is changing because of technology. How do we
confront that technology? How do we shape it in order to do good
for us and to really make it useful and helpful depends a lot on
social sciences and behavioral studies.

So I think it’s actually perhaps one of the most important things
that we invest in because it touches all aspects of our lives.

Mr. LipINSKI. Thank you. I yield back.

Chairwoman CoMSTOCK. Thank you. I now recognize Mr. Abra-
ham, the Vice Chairman of the Subcommittee, for five minutes.

Mr. ABRAHAM. Thank you, Madam Chair. I thank the witnesses
for being here.

I'm a physician by trade, and when I read a journal or a sci-
entific article, unfortunately, the first thing I go to is the author
and the research, whether he or she has in the past given a reli-
able data, and it goes back to our research integrity that, Ms.
Lerner, you referenced that over the last four years there’s been
175 cases of misconduct in NSF researchers, and that is a major
concern because we base policy on this research.

My question is what recommendations have you made to the Sec-
retary as to trying to clean up this research integrity or lack there-
of?

Ms. LERNER. Thank you, sir. Each time our office conducts an in-
vestigation into research misconduct and determines that there ac-
tually was research misconduct, we make recommendations to the
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foundation to try to protect its interest. Depending on the mag-
nitude of the problem, the recommendations can range from requir-
ing the individuals when they submit future applications to certify
and ensure to NSF that they are not plagiarizing or falsifying or
fabricating data. That can include requiring taking training
and

Mr. ABRAHAM. So I assume the last four years——

Ms. LERNER. —responsible conduct of research——

Mr. ABRAHAM. —you have made 75 recommendations?

Ms. LERNER. Yes.

Mr. ABRAHAM. Now:

Ms. LERNER. And sometimes

Mr. ABRAHAM. —how many of those have been actually done?

Ms. LERNER. The agency has a very strong track record of affirm-
ing our——

Mr. ABRAHAM. Good.

Ms. LERNER. —recommendations, including debarring some of
the worst offenders from receiving federal funding.

Mr. ABRAHAM. Doctor, do you want to comment or——

Dr. CORDOVA. We take this incredibly seriously. In fact, Ms.
Lerner and I meet every month, at least once a month, and the
very first thing we do is look at ‘these research misconduct exam-
ples and say how well were doing in responding to the rec-
ommendations.

Let me also just give a point of view from being a past President
of two universities that at the university this is also taken——

Mr. ABRAHAM. Oh, I think it would be.

Dr. CORDOVA. —incredibly seriously. So we work in concert with
the universities, as Ms. Lerner knows well, in order to make the
punishment fit the crime if you know what I mean.

Mr. ABRAHAM. I do—

Dr. CORDOVA. We have to be careful there.

Mr. ABRAHAM. And I appreciate that perspective because it’s not
only in the NSF. It’s unfortunately across all scientific borders. But
again, because we are responsible for funding, it becomes a point
of accountability.

So that’ll transition us somewhat to the STEM discussion that is
so important. We have students here. And we know the federal
government for decades has been involved in STEM research, but
unfortunately, we on the STEM side for our students seem to be
falling further and further behind. We know private industry needs
them, we know government needs a STEM student to step up and
ta(liie the baton and do great things, as you mentioned in your
video.

So my question to you, Doc, is, how can we assure the public that
hopefully is listening to some of this that their investment in the
NSF first in research is actually going to work?

Dr. CORDOVA. We are almost unique among agencies in really
tying the research very closely with our educational mission. So
that mission is really to encourage STEM education and develop-
ment of a STEM workforce. We have—we spend over $1 billion a
year on the educational mission, and we have programs in grad-
uate school, undergraduate, K-12, teacher training programs, cur-
riculum development programs in order to encourage it.
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What we really need to do—and that was emphasized in the two
bills that were recently passed in Women in Science and
Women in Entrepreneurship—is that we need to encourage women
and underrepresented minorities in general to be role models and
to encourage everyone to go into STEM careers.

Just this morning, I read in our NSF News Notes about a young
woman at Stanford University, which is where I was an under-
graduate, who went into a classroom to take a computer science
course, to sit in there and see if she would stay, and there were
only two other women in the class so she didn’t stay in that class-
room. And I had exactly the same experience when I was a stu-
dent, went to a physics class. I was the only woman in the class.
So it took me a long time to get back into physics.

These things really make a difference when you can see people
who are like yourself, whether they’re in the classroom, whether
they’re standing in front of you being a teacher or whether they’re
in informal learning programs that we have at museums and else-
where, on television shows.

Mr. ABRAHAM. Okay. Thank you, Madam Chair.

Chairwoman COMSTOCK. Ms. Johnson is recognized for five min-
utes.

Ms. JOHNSON. Thank you very much.

Dr. Cérdova, over the years there have been a number of ques-
tions about the peer-review process and the National Science Foun-
dation has been very responsive in holding meetings and bringing
groups in to listen to what processes it’s used. And because of that,
I've had hardly any questions recently about this gold standard,
but I would like you to review that a little bit for the Committee,
the process by which you use to determine the grants that you
fund.

Dr. CORDOVA. Sure. Thank you. I think you all have a booklet
in front of you. If you turn to page six of your booklet so that in
case you forget everything I say here, it’s there. So merit review
is just so critical to everything the NSF does because all of our
grants are given through a merit review process.

And so what does that look like? In short, it means that every
proposal is reviewed by a minimum of three external people. And
usually it’s ten or a dozen people. And they're reviewed first sepa-
rately, and then those reviewers most often come together in a
panel meeting at NSF headquarters and talk with each other about
the merits of the proposals. The merit reviewers go through a
training course. Now, we have a new pilot program that has all
kinds of things in it to up their game, to give better feedback to
proposers of what—for example, may not be funded, and how to im-
prove their proposals.

We take this process incredibly seriously. In fact, it was a sur-
prise to me when I came to NSF that on any given day, between
200 and 600 visitors, external scientists and engineers, are coming
in through the door, and if you just happen to come at the wrong
time, know that you have to wait a long time for the elevator as
I did this morning to go to these panel rooms and to talk about the
individual proposals. They give them very serious consideration.

They then make a recommendation to the program officer, who
takes these recommendations from all the proposals and all the dif-
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ferent groups and has then to come up with a balanced program.
That means one that’s nonduplicative, that is really looking, at the
national interest, according to the goals of that program officer’s
program and the larger goals of the whole division, and ask does
the recommendation make sense in the context? Then it is the pro-
gram officers’ responsibility to forward a recommendation, or not,
to the division director, who then signs off on the proposal.

This is a gold standard I have to underline. It has been so well
reviewed. We have committees of visitors, 50 of them in all dif-
ferent subject matters in any given four-year period who come in
and review the merit-review process itself and make suggestions
for recommendations. It is widely copied by other countries.

Ms. JOHNSON. Thank you very much. Now, there’s a hiring freeze
on. How has this affected you so far or has it at all?

Dr. COrRDOVA. Well, yes, it has affected us, especially because
we're relocating soon. This summer, were going to Alexandria
where the headquarters will be moved. And so with or without a
hiring freeze there is just a natural attrition that goes on when you
move. Clearly—so that Mr. Beyer is not worried—we’ll have others
that come in and want to join NSF and will find Alexandria the
very best place to live and work.

It does put a stress at this particular time because we have a
hiring freeze, and so if we lose people, we can’t backfill them unless
they have emergency kinds of positions. So we do have concern
about that.

But we have a good agency. If you looked at the Federal Em-
ployee Viewpoint Survey, you see that we made number 10 among
all medium-size agencies this year on satisfaction of the workforce.
By and large, we're good at holding onto people. It’s a balance. Are
we worried? Yes. Are we overly concerned? No. We're hopeful that
we’ll get past the hiring freeze and that we will be able to fill these
positions, which are critical for science and engineering.

Ms. JOHNSON. Thank you very much. My time is expired.

Chairwoman COMSTOCK. Thank you. And actually, since we’re on
that topic, just if I can ask a little bit more on that area. What
kind of outreach—because I do have constituents obviously who are
there, too. And what kind of outreach are—is being done with folks
as you have the transition and as people are maybe making that—
if they’re coming for my part of the area, that’s a little further com-
mute, so what are you seeing in terms of expectations?

Dr. CORDOVA. That’s right. I really have to commend the group,
our Office of Information and Resource Management, led by Joanne
Tornow and Brian McDonald and her group in particular, who
leads the relocation effort. The whole team has just really put a lot
of effort into having weekly messages through our NSF weekly
wire to staff to hosting workshops and open houses in-house. Re-
cently, on Monday, they brought in a lot of the enterprises from Al-
exandria like the condos and restaurants et cetera with all sorts of
information so that the staff could see that.

We have the head of our union here at this hearing, and he has
worked very hard with the union to ensure that the negotiations
go very smoothly over various important things, and we are just in
the last phases of that now. And so I think the whole thing has
gone on with a lot of effort and constant attention to the staff and
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their needs and getting to pick out their offices, their space, and
how that looks and so on. I think it’s gone very, very well, and I'm
just very, very proud of NSF. It’s a very big deal to move 2,200 peo-
ple or so, even if it is just 9 miles away. There’s a lot of planning
that’s gone into it. It'll take six weeks in fact for us to fully do that
move.

Chairwoman CoMSTOCK. Okay. Thank you for letting me address
that, a little bit of a parochial issue. Now, I will also recognize Mr.
Webster for five minutes.

Mr. WEBSTER. Thank you, Madam Chair.

I was interested in what Mr. Abraham said about us spending
lots of money over several decades trying to attract people into
STEM. I guess this would be for Dr. Cérdova. And yet we’re always
told we’re way behind, keep falling further and further behind. Are
there any studies being done to understand what works and what
doesn’t work? I mean, we were told here a couple weeks ago that
every time there was a space launch, there would be lots of people
headed towards a career just because of that. And one person told
me, who’s a Member of Congress, he was attracted by Star Wars
movies. So I just wondered if there’s any kind of proven way that
we can draw new people into STEM fields?

Dr. CORDOVA. We have made big investments in trying to under-
stand this better, and the best way to draw them in is to first pro-
vide access and to make sure that they can see, and talk with sci-
entists, engineers, and have good curriculum, good teachers in their
classrooms.

We are so concerned, Mr. Webster, with this question that when
I came into the agency, we started a new program called IN-
CLUDES, NSF INCLUDES. That’s an acronym, but it’s an acro-
nym that means what it says. And we are now funding 40 pilot
programs across the nation to try to move the needle in STEM and
have communities of learners. This goes beyond universities. It ex-
tends to community colleges, citizens groups, mayors, the whole
town getting together to address the particular needs of their com-
munities and how they can bring all those who have not been ex-
posed to STEM more in touch with it.

So we do rely on museums and others as part of this partnership.
Every one of these 40 pilot projects is completely different. They're
all over the country. We're studying it and we’re going to be evalu-
ating it very closely because what we’re hoping is that we find pro-
grams that scale, that can be replicated, that are really making a
difference. Every program has a goal and metrics and they're eval-
uated against that.

We want to ensure at the end of the day that these INCLUDES
programs have done what they said theyre going to do. They
broaden the participation of people who have not yet know about
STEM careers and bring them into that fold and then have some-
thing to offer in just the way you’re talking about, lessons learned
so that others can replicate those kinds of programs.

Mr. WEBSTER. So do we profile? I mean, do you profile what a
potential STEM student might look like or be like or act like?

Dr. CORDOVA. I think that’s impossible.

Mr. WEBSTER. I got an idea. I just thought of one. When I was
at Georgia Tech as a freshman, all of us had to take composition,
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and they spotted us a C because we only think out of the left side
of our brain so maybe there’s a start, I don’t know. But anyway,
go ahead.

Dr. COrRDOVA. Well, I was an English major when I was in col-
lege because people like my parents and friends and teachers all
thought that I would go to college to get married and, you know,
that’s a form of profiling, right? And so little did they know it
would be harder to do that than to become a rocket scientist.

But I then discovered actually through television, public tele-
vision, a show on stars, just like you’re saying, you bring people to
Florida to watch the space program. I saw the astronauts land on
the moon. That was transformative. I saw scientists from MIT talk
about dropping marshmallows onto a neutron star, hypothetical
marshmallows onto a neutron star and how much energy that
would liberate. And I said, wow, that really speaks to me. I've got
to do that.

I was the most unlikely person to become a scientist according
to anybody around me growing up, but it happened. And it happens
because people have those moments of inspiration that really touch
them and speak to them, and then they say there’s nothing stop-
ping them and they find the pathway.

Chairwoman COMSTOCK. Thank you. And thank you for your pas-
sion on that. I met a young student who had scored perfectly on
all of his science and he was about 15, 16. He had taken all of
these advanced tests already, so being a grandmother I did ask
him, was there anything in particular you did or that your mom
did? She said watching Little Einstein is what captured his imagi-
nation in science and STEM. So my granddaughter now is a big fan
at two years old of the Little Einstein show. I think that goes to
also capturing children’s imagination at a very young age and hav-
ing programs in school on STEM education, that they don’t lose
them in that elementary age transitioning into junior high, too. So
sorry I'm editorializing along here.

But now let me recognize Ms. Bonamici for five minutes.

Ms. BoNamicl. Thank you very much, Madam Chair and Rank-
ing Member Lipinski, and thank you to our witnesses.

And I'm so glad we’re having this conversation. I'm just going to
follow up on this briefly. And I'm glad the students are here as
well.

I also serve on the Education Committee—Education and Work-
force Committee, and I'm the founder and the co-Chair of the bi-
partisan STEAM Caucus. And STEAM integrates arts and design
into STEM learning. It is not detract from it. It enhances it. And
we’'ve seen the benefits of STEAM in schools that are using that
approach. It’s hands-on learning, things like makerspaces, inte-
grating arts and design into STEM learning. It has a lot of bene-
fits.

You mentioned left brain. It engages more students. It also edu-
cates both halves of the brain and results in more creative students
who are better communicators. And I think your English degree
probably has something to do with the fact that you are a great
communicator today. There is research that shows that the Nobel
Laureates in sciences are much more likely to be engaged in arts
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and crafts in their spare activity than other scientists, and
they’re—the brain research is there to support this as well.

We have model STEAM schools across the country, and I encour-
age all of my colleagues on this Committee to join the bipartisan
STEAM caucus and learn more about the benefits of STEAM.

Dr. Cordova, you outlined the critical ways that the NSF sup-
ports research at universities. Oregon State University in my home
State is one example. They've really leveraged NSF funding, par-
ticularly geoscientists directorate, funding to study the oceans’ pri-
mary production and food web, as well as to study the coastal im-
pacts of the 2015, 16 El Nino and the consequences for coastal
flooding and ongoing beach erosion. So these studies and discov-
eries are critical not only for coastal communities but also for our
global ocean health and food supply.

And I know NSF is a critical funder of basic research in ocean
sciences, along with NOAA, but NSF is critical. That research is
supported from within the geosciences directorate, which we know
has often been the target of attempted cuts. So can you please dis-
cuss the importance of those investments to our economic and na-
tional security? And I think I'll have time for another question as
well.

Dr. COrDOVA. First of all, can I just make a STEAM com-
ment——

Ms. BoNaMmicI. Absolutely.

Dr. CORDOVA. —because of students here?

Ms. BonawMmict. You're welcome to.

Dr. CORDOVA. Those iPhones or whatever kind of smartphones
that you have, students, are the result of a STEAM-like ap-
proach——

Ms. BoNnaMmicI. Absolutely.

Dr. COrRDOVA. They have incredible technologies, all of them, in-
terestingly first funded by the federal government to people in uni-
versities, including like the lithium iodide battery and the
touchscreens and the microprocessors and all. And GPS of course.
Somebody like Steve Jobs and company put all that together with
an eye towards very creative design, and then we have something
that’s amazingly useful and creative to use. So——

Ms. BoNnaMmicl. That’s a great example.

Dr. CORDOVA. Yes. So on ocean science, yes, of course. Seventy-
some percent of the planet is covered by oceans, and it’s vital to
life. It may have been the source of life on this planet, the begin-
nings of it itself. It’s important for transportation and it’s impor-
tant for the health of our food supply. We, you know, eat fish. We
have lots of plants that grow in the ocean.

The science that can be yielded by understanding with our ships,
our vessels, our explorers in the oceans, understanding the life in
the ocean and the health of the ocean is just so important to our
own health and to jobs and to national security and as well as our
own security of our coastal communities and so forth.

So it’s just very, very important that we have good monitoring
of our oceans.

Ms. BoNaMmicI. Absolutely.

Dr. CORDOVA. Yes.
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Ms. BoNnaMmicl. I want to get another question in. I'm sorry. I
don’t mean to interrupt. But NSF has proposed to build a new re-
gional class of research vessel as a cutting-edge platform for sci-
entists to address ocean science questions that are a priority of the
National Academies decadal report for ocean sciences. And it’s my
understanding that the project is on hold because we’re operating
under a partial fiscal year 2017 continuing resolution. So if Con-
gress approves these vessels, how will they contribute to the ad-
vancement of ocean sciences?

Dr. CORDOVA. Yes. Everything is still going along as you know,
with Oregon State University’s leadership, and they will make a
recommendation in another month or two about shipyard selection
and so forth. Our fleet is aging, and it just simply must be re-
placed. These vessels have the newest kinds of technologies, and
we can actually have fewer ships. The end goal by 2022 is to have
something like 15 vessels instead of 18 in the academic research
fleet, and that’s much more than just NSF. But these RCRVs, re-
search-class research vessels, are integral to that because they do
have more technology; they can do more science on them, be more
efficient. They can replace the old ships, and we can retire more
ships and utilize those with all the latest science.

Ms. BoNAMmIcI. Terrific. Well, we support efficiency. So thank you
very much, and I yield back the balance of my time.

Chairwoman COMSTOCK. Thank you. And I now recognize Chair-
man Smith for five minutes.

Chairman SMITH. Thank you, Madam Chairwoman.

And, Dr. Cordova, let me address a couple questions to you. The
first one is I want to thank you for doing your best to implement
the national interest standard that we’ve discussed over the last
couple of years. But my question is how are you going to enforce
that national interest goal on a grant-by-grant case? What are you
doing individually?

Dr. CORDOVA. So we have the criteria, as you know, intellectual
merit and the broader impact criteria, and this feeds into broader
impacts, of course. And we are asking all of our proposers to, in
their abstracts, which we now require a nontechnical abstract as
well as the

Chairman SMITH. Right.

Dr. CORDOVA. —technical abstracts that are sometimes a little
harder for the public to understand. The nontechnical abstract
should say what is the importance of this project and which of
those many things

Chairman SMITH. Right.

Dr. CORDOVA. —that you mentioned earlier does it address?

Chairman SMITH. And each individual grant applicant gets that
guideline, right?

Dr. CORDOVA. Gets that guideline, yes.

Chairman SMITH. Okay. And then their grant is evaluated by an-
other individual, and that individual is looking to make sure that
standard is met, right?

Dr. CORDOVA. The general answer is yes. The person who has the
particular responsibility is the program officer. Those program offi-
cers are our staff and they have the training.
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Chairman SMITH. Do you have any metrics yet as to how many
grants have succeeded in meeting that standard and how many
have not?

Dr. COrRDOVA. No.

Chairman SMITH. Just in general. I'm just wondering if-

Dr. COrRDOVA. Yes. Well, we have been looking with these correc-
tive lenses that you’ve given us if you call it that since January of
the past year, not this year but last year, and so, we are doing
what we said we were going to do. And we—in order to be rec-
ommended to—remember that only 1/5 of the proposals we get—
we get 50,000 proposals a year. We can only fund one out of every
five of them at most: those that go up for recommendation to the
division leader——

Chairman SMITH. Right.

Dr. CORDOVA. That’s the kind of thing that would be looked at.
I have a person, as I have promised, in my office—his name is Jim
Hamos—who works closely with the process and what the guide-
lines are, and are they being followed, and watches that in a gen-
eral sense. But we certainly believe, because they go up to the divi-
sion leaders, who are also trained and are educated about how im-
portant this is——

Chairman SMITH. Okay.

Dr. CORDOVA. —that they wouldn’t go up without that being
apart of it. And a proposal can go back to the proposer for correc-
tions, and we do that all the time just so you know, Chairman
Smith, that the title is not clear. It doesn’t make sense. The ab-
stract doesn’t make sense. You haven’t addressed this, you haven’t
addressed that. And ultimately, we’ve given the program officer the
wherewithal to—if it still is not coming back in a good form

Chairman SMITH. Right.

Dr. COrRDOVA. —for the public to review, that the program officer,
that’s his or her responsibility.

Chairman SMITH. All right. Thank you for that. In regard to the
occasional—though I understand they may be increasing—research
misconduct and fraud, what are you doing to try to correct that
prospectively?

Dr. CORDOVA. Well, there are official standards about research
misconduct and plagiarism and falsification of data, and we are
working—you know that most of our grantees are universities and
colleges, say 85 percent of them, so we work closely with them. We
make sure that they know what the law is and what the guidelines
are

Chairman SMITH. Right. If I could

Dr. CORDOVA. —and then they’re judged against them.

Chairman SMITH. If I can interrupt you just real quickly——

Dr. CORDOVA. Yes.

Chairman SMITH. —because I don’t know the answer to this
que%tion. Are there any sanctions to be imposed on individuals who
might——

Dr. CORDOVA. Oh, yes.

Chairman SMITH. —engage in fraud?

Dr. CORDOVA. Oh, absolutely.

Chairman SMITH. What are the sanctions other than denial of a
grant or something?
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Dr. COrRDOVA. Well, there’s a full spectrum of sanctions, and Ms.
Lerner can give you more detail on that. They go all the way from
not letting the person submit grants for a few years to debarment.
Sometimes, as I mentioned earlier, the punishment has to fit the
crime, so if you forget quote marks but you do have the reference
there, that is different than intentionally copying something and
not giving credit.

Chairman SMITH. Madam Chairwoman, could I have an addi-
tional 30 seconds only real quickly for a last question, and this is
in regard to dyslexia funding. Not everybody on the Committee
may know it, but NSF is spending $2.5 million a year. And I just
wonder what you envision the next steps to be in research that will
benefit those with dyslexia?

Dr. CORDOVA. Yes, I'm glad you asked that. It’s part of the READ
act. As you know, that’s mostly in our 2017 budget, which is on a
continuing resolution. Ahead of that that we have been funding the
good proposals that we get on dyslexia. I just made a trip to Flor-
ida State University to see the MagLab there this week and had
a really good talk with their dyslexia folks there.

The challenges for NSF are to find out what its particular role
in dyslexia research should be, and that should be very upstream.
It should be the fundamental research because we have the Na-
tional Institute of Child Health Care and Development that funds
a lot of research on learning disabilities, and there’s also an insti-
tute in the Department of Education. The NSF wants to do some-
thing where nobody else is touching it in this space.

So to answer your question, Chairman Smith, I think that we
need to bring to D.C. in the fall a workshop in which I hope that
you will give a keynote and bring together the scholars and work-
ers in this field and talk about what should be NSF’s special con-
tribution in this area.

Chairman SMITH. Okay. Thank you, Dr. Cérdova.

Chairwoman COMSTOCK. Excellent. Thank you. I now recognize
Mr. Beyer for five minutes.

Mr. BEYER. Yes, thank you, Madam Chair, very much.

I often find myself offering respectful disagreement with my
Chairman, so I'd like to heap praise on him for his leadership on
the dyslexia issue, so thank you, Mr. Chairman.

The—Ms. Lerner, you expressed concern about the increase in
the number of IPAs in the executive-level positions and the fact
that it’'s—that they’re significantly more expensive because they're
paid at the rate of the university, and that it’s gone from 20 in
2009 up to 29 in 2016. And it’s like seven out of nine of the senior-
level positions and—what’s the right balance? How do we figure
out how many should be long-term permanent government employ-
ees at the GS-type rates and how many should be IPAs pulled from
the university?

Ms. LERNER. Thank you. Striking the balance is more of the
agency’s call than mine. I would point out in making the deter-
mination as to how to strike that balance you certainly need to con-
sider the strengths and the bench expertise that scientists who
have ongoing research practices bring to the Foundation and to the
merit-review process, but you have to balance that against the
costs and the fact that those costs are paid for out of research fund-
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ing. So I would defer to the agency in determining what the right
number is, but I think you certainly have to consider both the good
and the challenge that comes with the IPAs when you do that.

Mr. BEYER. Thank you. Shifting to the Chairman’s question
about fraud, plagiarism, things like that, I know that 175 cases
over four years with 12,000 grants a year is a little more than 3
cases per 1,000 grants, which I would argue is actually better than
our ethical record in the U.S. House. But it’s up from where we
used to be. So, Dr. Cérdova, why do you think that’s increasing?

Dr. COrDOVA. That’s because of the talented Ms. Lerner in her
group one could say. Why do we find more cancer? Got better ana-
Iytical tools. So that certainly could have a bearing on it.

Mr. BEYER. Okay. So it’s not necessarily that there is more but
it’s just we’re discovering more.

And, Ms. Lerner, in her long testimony, talked about the big four
things she was concerned about and, you know, one by one, number
one was incurred cost submissions, awaiting on OMB approval,
earned value management systems. You guys have begun vali-
dating inputs, end-to-end cost surveillance, third-party evaluation
by September 30. Everything looks very responsive on the part of
leadership’s part. The one question you said that was—the Na-
tional Science Foundation indicated it will be revising its manage-
ment fee policies but has not committed to requiring awardees to
report on other sources of revenue. And, Dr. Cordova, why have—
why is that a hurdle, the notion of asking your grantees to report
on other sources of revenue with respect to management fees?

Dr. CORDOVA. I'm not sure I'm the best person to answer that so
I'll get you a more complete answer after this.

We did make changes in the management fee policy—I'll start
with that—as a result of the NAPA recommendations and the rec-
ommendations of the OIG. I will say that our group in budget and
finance respectively tortured themselves over the question of man-
agement fee and how to do it right and looked at a lot of other gov-
ernment agencies and how they do it and adopted the government-
wide model of how to handle management fees with the one added
change that we do have a list of things that our management enti-
ties should not do with the fees.

Asking the kinds of questions that you just said and close moni-
toring of it, we don’t really have the workforce to do this because
once you say you’re going to do something and monitor it, then you
actually have to be responsive to that, responsible, and continually,
you know, do it, and that would take a kind of workforce, the
type—and a number that we simply don’t have. So what we're
doing instead are spot checks on where think that the risk is high-
er because of the cost of the project or because of its sensitivity,
any number of reasons, and doing spot checks on utilization of the
management fee.

Mr. BEYER. Okay. Great. So—because I think the most painful
hearing we’ve had yet has been the management fees for the alco-
hol in the Christmas parties. Yes.

Dr. CORDOVA. Well, that’s on the no-no list.

Mr. BEYER. Okay. Thank you very much. I yield back, Madam
Chair.
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Chairwoman COMSTOCK. I now recognize Ms. Esty for five min-
utes.

Ms. Esty. Thank you, Chairwoman Comstock and Ranking Mem-
ber Lipinski. Thank you again to Ms. Lerner and to my good friend
Dr. Cordova.

I think you can guess where I'm going to be going, Dr. Cérdova,
given our shared passion around 1nc1us10n in STEM. I have a
STEM Advisory Committee, and we’ve been working hard to find
ways to encourage underrepresented populations, particularly girls
and children of color, to get them excited. I know you've talked
about the initiatives in NSF, and I do want to note the President
has signed two bipartisan bills, and both of them or on women in
STEM coming out of this Committee, which I think is a testament
that the Chairman and I sponsored those. And I think that’s a tes-
tament to the importance of these provisions.

Chairwoman CoMSTOCK. And I owe you a pen. I've got it.

Ms. EsTy. Oh, I'll take the pen. Thank you.

So I wanted to ask you a little bit—and this came up in my
STEM Advisory Committee recently with a woman, Kelly Johnson,
who administers STEM grants and who was talking about sort of
the disturbing research that’s out there about how early girls self-
identify as not being, quote, “smart enough” for math and science
and how also I think you've presented some of this information of
how when MIT changed its course description for one of its com-
puter science classes to have the subject matter be around social
issues and health issues, they found that the participation of
women in that course skyrocketed to over 50 percent.

Can you talk a little bit about what you—whether you think NSF
has a role and how we could help design curricula in elementary
and middle school that would incorporate that growing body of
knowledge about what tends to get girls more involved in science
and maybe broaden not just experiential work, as my colleague Ms.
Bonamici has talked about, but also even subject matters of how
are you taking these powerful tools of math and science and apply-
ing them to maybe somewhat different issues, maybe broader
issues, clean water in Africa, health issues in our inner cities.
Could " you talk a little bit about that, please?

Dr. C6rpOVA. We do fund development of course curricula in K-
12, and we would welcome proposals that went along those lines,
as a result of your Women in Entrepreneurship—because it’s all re-
lated. It goes back to when you're little—that I think I would be
tempted to recommend to my colleagues at NSF that we issue a
dear-colleague letter to encourage the submission of that kind of
curriculum. I think it could truly make a difference to be exposed
those young ages to that kind of curriculum.

I talked earlier about our INCLUDES program, and that we
funded 40 pilots in the first round, and we have another round
coming up here. That kind of thing would make a wonderful IN-
CLUDES project, too, and I'm sure there are people listening who
would be inspired to do that.

Ms. Esty. Could you talk a little bit about the scaling up? I know
that the key part of what you’re looking at. And how does NSF pro-
pose or what do you think is going to be necessary once you iden-
tify programs that can be scaled up? How are we going to dissemi-
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nate that information? Because that’s a question I've been asked a
lot. I think there are a lot of innovative programs around the coun-
try and I find even in my own State of Connecticut, in my own dis-
trict, people in the same field don’t even know about projects occur-
ring, you know, two towns away. Do you think—what role do you
think NSF or we can play in helping to disseminate information
once we identify programs that are really working?

Dr. CORDOVA. Yes. Well, it’s on all of us to do that of course, but
we—we've determined that in the INCLUDES program that we
will not only carefully evaluate how these projects are going but we
will also take the best practices. And we are bringing together peri-
odically the leaders of these programs to give talks, as they did in
January, to each other about how things are going. We do need to
remember that documenting the results of a study and putting it
in the open—in an open literature, an open website is just incred-
ibly important.

And I know you’ve mentioned this at our previous hearing, too.
I think that this gives us a new start, having this INCLUDES pro-
gram. It’s a great place to see how successful we can be with docu-
menting these programs, putting the lessons learned on a website
so that everybody can learn from the experiments of others and can
extract what’s most valuable from those programs. I think you are
really on the leadership edge of this, Congresswoman Esty, and we
can do something so that by the next hearing I'll have a better an-
swer.

Ms. Esty. Thank you very much, and I yield back.

Chairwoman COMSTOCK. Thank you. And I thank the witnesses
for their testimony and the Members for their questions. The
record will remain open for two weeks for additional written com-
ments and written questions from Members.

And again, I thank our witnesses, both of you, for all of your
great work in this very important field and how important it is and
appreciate again the students being here. We did share the book
you gave us today. We shared it with students so they can bring
it back. And I don’t know if the students were here when Dr.
Cordova showed the video, but that is also on the website. So if
you'd like to see that and share that with your other classmates,
as well as the book, we hope we will see more of all of you in the
STEM and STEAM fields.

So with that, this hearing is adjourned. Thank you.

[Whereupon, at 12:31 p.m., the Subcommittee was adjourned.]
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ANSWERS TO POST-HEARING QUESTIONS

Responses by Dr. France Cordova
HOUSE COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY

“National Science Foundation Part I: Overview and Oversight”
Dr. France Cérdova, Director, National Science Foundation

Questions submitted by Chairwoman Barbara Comstock, House Committee on Science, Space,
and Technolo

1. I have many veterans in my district who are interested in transitioning to STEM careers. It is
difficult to know how many veterans NSF funding is reaching, as NSF does not track
funding of veterans the way it tracks gender, race, and ethnicity, is that correct? All it takes
is adding a box to a form. Is that something you would consider doing? How much are
current veteran programs being utilized? Do you have any ideas about how we can better
reach out to veterans who want to go into STEM careers?

Answer: NSF is very proactive in reaching out to veterans. This is especially evident in the
Graduate Research Fellowship (GRFP), the nation’s flagship fellowship program, funding
Graduate Fellows in all ficlds of science, technology, engineering, and mathematics. The
GRFP has been tracking veteran applicants since 2012, and includes veterans as a targeted
group in its program goals. The program goals are: 1) to select, recognize, and financially
support, early in their careers, individuals with the demonstrated potential to be high
achieving scientists and engineers, and 2) to broaden participation in sciencc and engineering
of underrepresented groups, including women, minorities, persons with disabilities, and
veterans. NSF especially encourages women, members of underrepresented minority groups,
persons with disabilities, veterans, and undergraduate seniors to apply. GRFP has awarded
fellowships to 155 veterans since 2012, when we added veterans to our Solicitation and
program goals. NSF tracks the veteran status of GRFP applicants and GRFP awardees.

In addition to recognizing the importance of veterans® service and training to the nation, past
and present, opening up opportunities to veterans in STEM also provides greater access for
women, underrepresented minorities, and persons with disabilities. The percentages of
members of these groups among veterans (U.S. Department of Veteran Affairs) are strong
and projected to increase.

From FY 2012 through FY 2016, the number of self-identified veteran applicants to the
GRFP totaled 587, about 1% of applicants each year. The total number of veteran awardees
over the same years is 155. There are currently 137 active Fellows who are veterans.

The importance of supporting veterans in graduate degree programs was highlighted in
NSF’s Veterans Day Event, Saluting Veterans in STEM, held on November 5, 2014, NSF
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selected 11 Graduate Fellows who are veterans to come to NSF and present their

research. The eleven represented both the enlisted and officer corps in the Navy, Army,
Marine Corps, Coast Guard, and Air Force. The veterans included Sergeant First-Class
Joshua Jarrell, a third ycar doctoral candidate in Applied Physiology at the Georgia Institute
of Technology, who was the keynote speaker for the NSF Veterans Day Event. He was the
senior medic on a Special Forces team in the 1st Battalion 20th Special Forces Group, in the
Alabama National Guard. Joshua has recently completed sixteen years of military service,
including 8 years in Special Forces, and two combat tours to Iraq. He served in Balad, Iraq in
2003-2004 as a construction equipment operator during the first year of the war, and in Bayji,
Iraq in 2011 as a Green Beret medical sergeant during the final year of the conventional

war, At Georgia Tech, he studies osseointegration of limb prostheses. Osseointegration is the
procedure of anchoring a prosthesis into the residual long bone at the site of amputation,
bypassing the need for traditional attachment sockets and vacuum suspension. Joshua is
investigating the effects of implant porosity on bacterial resistance in an osseointegrated limb
prosthesis.

During the NSF visit, program directors met with the veteran Fellows to discuss their
experiences as graduate students and to get their ideas on what NSF could do to help them
and other veterans succeed in STEM careers.

Please see some more examples below of some current efforts to engage veterans.

A ‘Dear Colleague Letter’ detailing supplemental funding available to Principal
Investigators to engage veterans in engineering research (Veterans Research Supplement
Program) is still active, and is supported by NSF’s Engineering Education Center Division
(within NSF’s Engineering Directorate).

https:www.nsfeovipubs/2014/ns14 12408141 24 pdf

In addition, NSF’s Mathematical and Physical Sciences Directorate released its own ‘Dear
Colleague Letter’ announcing funding supplements for Veterans
hiips://www.nst.gov/pubs/2015/nsf13024/ns115024.jsp and NSF’s Directorate for Computer
and Information Science and Engineering also released a ‘Dear Colleague Letter” detailing

supplemental funding available for groups underrepresented in computing, including U.S.
Veterans.
hitpsfwww nsteov/pubs/ 201 7nsf1702 Unsf17021 3sp? W.me_ev=click

There is also a NSF-wide ‘Dear Colleague Letter’ -- Improving Graduate Student
Preparedness for Entering the Workforce, Opportunities for Supplemental Support
https:/Awww.nstioov/pubs/2016/nst16067/nsf16067.jsp that specifically addresses Veterans’
participation in the NSF Graduate Research Fellowship Program.
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HOUSE COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY
“National Science Foundation Part I: Overview and Oversight”

Dr. France Cérdova, Director, National Science Foundation

Questions submitted by Ranking Member Daniel Lipinski, House Committee on Science, Space,

I.

and Technology

The I-Corps program was reauthorized and expanded in a bill that was signed into law this
January. That bill included calls for expansion of entrepreneurship and commercialization
training programs, partnerships with federal and state agencies to expand I-Corps training,
and funding for proof-of-concept development. Can you provide us with an update on how
NSF is working to implement these recommendations? What arc your plans for the current
I-Corps nodes? In what ways is NSF partnering with other federal agencies to expand the I-
Corps model?

Answer: Since the start of the [-Corps Program in 2011, NSF has funded 8 I-Corps Nodes,
57 I-Corps Sites, and more than 900 [-Corps Teams. NSF currently has an open solicitation,
with proposals due March 14, 2017, to fund up to 7 new or renewal I-Corps Nodes.
Proposals were received in February 2017 for new or renewal I-Corps Sites with up to 15
expected to be funded. Proposals for I-Corps Teams are received in three time windows each
year.

NSF supports the Partnerships for Innovation — Accelerating Innovation Research (PFI-AIR)
Program that provides grants of up to $200,000 for up to 18 months to perform prototyping
or proof-of-concept development. Proposals to PFI-AIR are accepted from I-Corps Team
participants as well as investigators who have been previously supported by NSF for basic
research.

The State of Ohio was the first state to faunch a statewide region of [-Corps - I-Corps@Ohio
- where state funds are used to support Ohio university-based teams to go through the I-
Corps Program. The third year of the Ohio program is ongoing now. A workshop was held
last fall, and representatives from all states were invited to participate and learn more about
the [-Corps Program. Multiple states are now evaluating launching a program similar to the
program in Ohio. NSF is now planning additional outreach to the states.

NSF provides training on the [-Corps program to personne! from a number of agencies and
makes the I-Corps training available to Teams funded by each agency. NSF has a
Memorandum of Understanding (MOU) in place with each of the Department of Homeland
Security, National Security Agency, Advanced Research Projects Agency — Energy (ARPA-
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E), National Institutes of Health, Small Business Administration, Department of Agriculture,
NASA, Department of Energy, and the Department of Defense.
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HOUSE COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY
“National Science Foundation Part I: Overview and Oversight”
Dr. France Cordova, Director, National Science Foundation

Questions submitted by Representative Don Bever, House Committee on Science, Space, and

i.

Technology

The Inspector General has expressed concern about the increasing number of IPAs in
executive level positions. There is also concern about the fact that IPAs are significantly
more expensive than Federal employees and that those costs are paid with research funding.
What is the right balance between long-term Federal employees and IPAs pulled from
academia to ensure the best use of NSF’s research budget?

Answer: As of the end of FY 2016, NSF had a total of 170 [PAs with assignments of 10 or
more months. The number of NSF IPAs has remained relatively stable over the past few

years.

Data has demonstrated that the costs of IPAs are not significantly more expensive than
Federal employees. The use of IPAs varies across NSF directorates and offices, ranging
from a low of 11% to a high of 23%, and we are constantly aware of the need to try to strike
the right balance. The directorates in which IPAs make up the highest percentages of IPAs
also have the highest percentage of IPAs serving as executives (38%-40%), as well as the
highest percentages of scientific staff (35%-38%). The total personnel compensation and
benefit cost for the NSF workforce (both federal employees and [PAs) in FY 2015 was
$247.5 million. Within that, the total cost of the agreements with the 176 IPAs on board at
the end of FY 2015 (including grants for salary and benefits reimbursement and payments to
IPAs for lost consulting and per diem) was $41.4 million'. Considering the compensation
and benefit cost of an equivalent number of federal employees during the same time period
($35.7 million), the marginal additional cost for IPAs was $5.7 million. This translates into
an addition of approximately 2.3% to the Foundation’s overall personnel costs.

To better manage our IPA program and to further our goal of conducting our IPA program in
the most effective and efficient manner, NST has established a Steering Committee for
Policy and Oversight of the IPA program. Under the auspices of this Committee, in FY
2017, NSF began piloting a mandatory 10% cost-sharing toward new IPAs salaries by their
home institutions. Historically, NSF requested a voluntary 15% cost share and received an
approximate 6% average cost share. NSF has also implemented two new policies to curb
IPA costs: the elimination of lost consulting payments and limiting travel reimbursement for
trips to the IPA’s home institution. NSF is in the process of conducting an evaluation to
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explore the consequences of requiring home institutions to share IPA costs within a context
of other IPA program changes. The purpose of the evaluation is to determine to what extent
the new IPA policy changes impacted the quality of IPAs who are successfully recruited to
the NSF workforce during the pilot period, if NSF is missing opportunities to hire strong
IPAs because of these changes, and if there is a change in the burden imposed on the NSF
recruitment process.

By way of the establishment of the IPA Steering Committee and putting into place an
evaluation of the cost elements associated with the [PA program, the NSF Office of the
Inspector General has recognized our efforts and closed the sole open audit recommendation
on [PAs, which was directed to cost.

1. This estimate includes those IPAs whose assignments in FY 2015 were for 10 or more
months, The total cost of all IPAs in FY 2015, including those on assignments of less than
10 months, was $41.9 million

[PAs, being at the top of their field, are often placed in supervisory positions within the
NSF. Since [PAs are by definition from the private and university sector, which operate very
differently from the public sector in both goals and implementation, the relationship
between [PAs and career NSF employees is sometimes described as a “clash of cultures.”
This dynamic can lead to dysfunctional program teams and dissatisfied employees of the
NSF. How is NSF working to improve these relationships and ensure IPAs are equipped
with managerial tools and skills they need to lead teams?

Answer: Executive [PAs generally have significant administrative and supervisory
experience, having served as department chairs, center directors, and deans at their home
institutions. NSF offers a number of resources to Executive and supervisory IPAs new to
NSF to help them quickly understand the NST culture and how to apply supervisory
requirements in the Federal context.

New executives, including [PAs, generally attend a four-day Exccutive Leadership Retreat
(ExLR) during their first 6 months at NSF. There is a segment in the first day of that retreat
which explicitly covers the NSF cuiture and how it differs from academia, the private sector
and even other Federal agencies. The EXLR covers how NSF and NSF executives fit within
the federal context. There is also an entire day of the ExLLR which addresses Oversight of
Merit Review for Division Leaders to ensure that incoming Executive [PAs in science
directorates have a clear understanding of their roles and responsibilities in NSF’s Merit
Review process.
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All new executives and executive IPAs have the opportunity to work with an Executive
Coach who is familiar with NSF, the NSF culture and the role of the executive within the
Federal sector. All new supervisors (including Executive IPAs) are required to attend the 3-
day Federal Supervision and NSF course which covers all aspects of federal human capital
management, including employee relations, performance management, diversity and
inclusion, federal labor relations, employec engagement, etc. A separate, full-day Federal
Labor Relations course is also a one-time requirement for all new supervisors, including
Executive IPAs.

In addition to the learning opportunities above, NSF also offers a number of other
supervisory workshops on performance management and coaching, federal hiring and
selection, leadership and problem solving skills, and other topics which help supervisors
become more effective in their roles.

NSF is continuously expanding and improving the training and resources available to
support all supervisors, including IPAs with supervisory responsibilities. NSF has conducted
IPA and Executive Engagement Interviews to identify factors that impact recruitment,
selection, and retention of a high-performing executive and program director workforce. As
a result, NSF is taking action to implement the following:

e Developing guidance on individual check-in meetings. Regular and meaningful check-ins
with supervisors are one of the most effective ways to improve a supervisor-employee
relationship, drive performance, and foster engagement. The tool will help supervisors
conduct effective one-on-one check-in meetings with their staff and serve as a resource
for new supervisors.

e Our agency employee engagement action plan calls for enhancing employee-supervisor
relationships. As a part of the action planning, we are asking all directorates and offices
to include a meaningful action to enhance employee-supervisor relationship. We are
currently collecting the plans so we do not have input into what specific actions have
been identified.

3. The National Science Foundation has indicated that it will be revising its management fee
policies but has not committed to requiring awardees to report on other source of revenue.
Why has NSF not asked its grantees to report on other sources of revenue with respect to
management fees?

Answer: NSF considered requiring organizations to provide information on other sources of
revenue as part of the development of Management Fee policy that was initially published in
the Federal Register in December 2014. Public comment received at that time indicated that
information specific to other sources of revenue including unencumbered funds such as fees

Page 7 of 12



65

is generally considered by organizations to be proprietary. Further, based on analysis by the
agency, it was determined that the availability of other sources of revenue to an organization
should not be set as a determinative factor in NSF decisions to provide a fee. Organizations,
including non-profit organizations, often require receipt of a reasonable fee to perform work
on large, complex awards. Refusing payment of a fee to an organization based on the fact
that the organization has other sources of income would not incentivize highly qualified
organizations to compete for NSF large facility awards. NSF’s goal is to ensure that awards
are made to organizations that are financially viable, and have the technical and business
capacity to successfully fulfill complex requirements regardless of whether or not they have
other sources of income. NSF plans to implement a revised fee policy to be more consistent
with provisions of fees by other federal agencies, which do not collect information on other
sources of revenue from awardees
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HOUSE COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY

“National Science Foundation Part [: Overview and Oversight”

Dr. France Cérdova, Director, National Science Foundation

Questions submitted by Representative Jacky Rosen, House Committee on Science, Space, and

1.

Technology

As a former systems analyst and software developer who worked in the computer science
field when women were not a huge part of the tech workforce, 1 know firsthand the
challenges facing women pursuing careers in STEM. When I began my career in the 1970s,

I experienced numerous barriers- from wage discrimination to prejudices about women’s
capabilities in science, technology, engineering, and math. We have thankfully made some
improvements since then, but there is still much work to be done.

a.

Please detail some of the work NSF’s INCLUDES program is doing to encourage
women, and young girls in particular, to get involved in STEM. Are there specific
projects within the INCLUDES program that focuses on involving girls in
computer science?

Answer: Broadening participation in science, technology, engineering and
mathematics (STEM) is a core value of the National Science Foundation, which
employs numerous strategies in order to more fully engage the U.S. population in
STEM. NSF INCLUDES is a new program (the first competition was in 2016)
whose underlying rationale is that broadening participation in STEM is a national
challenge that requires a national solution. The fresh approach of this new
rescarch and development program is to develop networks and partnerships that
involve organizations and consortia from different sectors committed to a
common agenda. While this multi-stage, multi-year initiative is just beginning,
several awards have already been made that focus on girls and women. For
example, in one project, a group of diverse organizations will collaborate to
design and implement a short-term intensive training opportunity in computer
science for women ages 16-34 who are unemployed or underemployed. The
project includes a custom curriculum, internships or job shadows, and
information, coaching, and exposure to college and career opportunities, with the
goal of job placement in STEM carecrs (Linda Christopher, UC-Irvine, award
1649377). Other NSF INCLUDES awards focus on indigenous women (April
Lindala, Northern Michigan University, award 1649082), Hispanic women (April
Marchetti, Randolph-Macon College, award 1649289), and women in
mathematics (Judy Walker, University of Nebraska-Linclon, award 1649365).
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One of the initial awards (Lori Pollock, University of Delaware award 1649224)
addresses minority youth in grades 5-8 and their access to computer science; this
pilot project will be situated in community-based organizations including Boys
and Girls Clubs. While NSF INCLUDES awards necessarily focus on particular
disciplines or underrepresented groups, the intent is that each will be able to share
lessons learned across projects, for the benefit of atl

In order to remain competitive in today’s global workforce, it is imperative that we increase
women'’s participation in STEM fields. We must engage girls at an early age and provide
inspiring moments that crystallize into a lifetime dedicated to technological research and
advancement. We don’t fly to the moon anymore. We don’t have these big events that
connect us as a nation and impart to these young girls, better than any classroom experience
can, that yes, you can achieve if only you dream large enough. That is precisely the sort of

thinking we need to be fostering.

a.

What specific actions can Congress take to encourage and inspire the next
generation? What can we do to improve STEM outreach for young children,
specifically girls? How have NSF grants accomplished this goal in the past?

Answer: Congress can continue to provide flexibility in NSF research and
education programs so that they continue to provide the maximum opportunities
for all Americans. NSF employs a full spectrum of approaches to engage girls in
STEM, through both informal and formai venues. NSF has a long history of
funding out-of-school STEM experiences for youth, especially girls and
underserved communities. For example, SciGirls includes a Public Broadcasting
Service Emmy Award-winning series that builds on gender research suggesting
best practices for engaging girls of ages 9-13 in STEM to change the way that
girls think about STEM. SciGirls reaches girls, educators and parents across all
digital platforms (including a television show, destination website, outreach
activities, and professional development activities with games, problems to solve,
and materials for educators). SciGirls is funded by NSF, and its success has
attracted funding from nongovernmental organizations as well including the
Northrup Grumman Foundation, Infor, The Mosaic Company Foundation and the
PPG Industries Foundation and is produced by Twin Cities Public Television. In
its 12-year history, SciGirls has reached over 28 million girls, educators, and

families (hitp:/national {pt.org/engagement/scigiris-cngagement/).

Another successful informal learning activity at the K-12 level is “Inspiring the
Next Generation of Cyberstars (GenCyber),” a collaboration between NSF and
the National Security Agency, that provides summer cybersecurity camp
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experiences for K-12 students and teachers. In 2016 there were 30 teacher camps
and 80 student camps, including scveral camps for girls only. The large camp at
California State University-San Bernardino was organized with the collaboration
of the Girl Scouts of America. In another kind of camp, middle and high school
girls were introduced to a computer on a single circuit board (MagLab SciGirls
Coding Camp, award 1157490).

Engaging more girls in STEM, including the computer sciences, is supported by
NSF both inside and outside the classroom as informed by research on the
important factors for the success of girls in STEM education. For example, NSF-
funded research, through the Directorate for Social, Behavioral and Economic
Sciences, the EHR (Directorate for Education and Human Resources) Core
Research program and others, investigates how early interest and confidence in
the STEM fields begins as well as strategies for teaching girls computer sciences
in a way that attracts them to this field. EHR and the Computer and Information
Science and Engineering Dircctorate (CISE) collaborate on the Computer Science
for All program, which utilizes partnerships between researchers and K-12
teachers to help provide all U.S. students the opportunity to participate in
computer science and computational thinking education in their schools at the K-
12 level. EHR and CISE also collaborate on the STEM + Computing Partnerships
program, which advances the integration of computational thinking and
computing activities into STEM teaching and learning from the early grades
through high school to develop the essential skills, competencies, and dispositions
needed to succeed in a computationally-dependent world. The NSF Innovative
Technology Experiences for Students and Teachers (ITEST) program, funded
with H-1B Visa receipts, supports projects to help understand how to foster preK-
12 student interest in and capacity to pursue occupations in STEM, particularly in
information and communications technologies. ITEST has funded numerous
projects focused on girls in STEM, including on stimulating the interest of girls in
computer science (Jody Clarke-Midura, Utah State University, award 1614849).

Research has shown that role models are important, so strong female role models
both inside the classroom and outside are important at every educational level.
Teacher preparation is supported by NSF’s Noyce Teacher Scholarship program;
NSF’s ADVANCE program promotes gender equity in academic STEM careers.
NSEF’s competitive scholarship and fellowship programs, e.g. the Graduate
Research Fellowship program; Bridges to the Doctorate program; CyberCorps®:
Scholarship for Service program, provide funding to eligible applicants so that
they can earn advanced degrees if they choose. NSF funds Women in
Cybersecurity, a continuing effort to recruit, retain, and advance women in
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cybersecurity (Ambareen Siraj, Tennessee Technological University, award
1303441).
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Responses by Ms. Allison Lerner
HOUSE COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY

“National Science Foundation Part I: Overview and Oversight”

Ms. Allison Lerner, Inspector General, National Science Foundation

Questions submitted by Ranking Member Daniel Lipinski, House Committee on Science, Space,
and Technolo

1. In your testimony you stated, “In recent years, we have seen a significant rise in the number
of substantive allegations of research misconduct associated with NSF proposals and
awards. Over the past four years, we have reported [75] research misconduct cases in our
semiannual reports to Congress.” Can you expand on this statement?

OIG RESPONSE: The 75 research misconduct (RM}) cases (attached) cited in testimony
were reported in our Semiannual Reports to Congress from March 2013 through
September 2016. They represent all the referrals that OIG made to NSF recommending
findings of RM for plagiarism, fabrication, and/or falsification in those eight semiannual
periods. These cases illustrate the range of RM cases OIG referred to NSF.

a. Atthe time of your testimony, which was prior to your office having compiled
and organized the historical data on research misconduct, on what basis did you
conclude there had been a “significant rise” in substantial allegations? Now that
you have compiled the historical data and shared it with the Committee, what
statistical trends, if any, would you calculate or qualitatively conclude from the
data, and on what basis?

OIG RESPONSE: In answer to your first question, the statement about an
increase in the number of substantive allegations of research misconduct was
based on the increase we saw in the number of allegations of data falsification and
fabrication by graduate students or postdocs over the period from FY 2004
through FY 2016. There were more than twice as many such allegations in the
period from FY 2011 through FY 2016 than there were in the period from FY
2004 through 2010.

With respect to your second question, now that we have compiled statistics over a
12-year period for research misconduct allegations received, research misconduct
investigations opened, and the outcomes of research misconduct investigations
(including debarments), we have more data about the types of allegations we have
received over time, the number of investigations that resulted from those
allegations, and the impact of those investigations. As noted on the chart we
prepared and in our response to question 1c, however, even with this expanded
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body of information there are real limits as to the conclusions that can be drawn
from it, especially with respect to the data related to allegations.

In addition, the conclusions you draw from the data can vary depending upon the
way in which you look at it. If you look at the number of investigations into
fabrication or falsification that were opened over the 12 years covered by the
chart, for example, you can find support for the idea that such investigations have
been increasing over time (there were 46 such investigations from 2005 through
2010, while there were 100 such investigations from 2011 through 2016).
Similarly, if you look at the percentage of investigations opened that were related
to fabrication or falsification versus plagiarism for FY's 2012-2016, you see that
the percentage steadily increased from 13% to 38%. However, if you look at the
number of allegations of fabrication and falsifications for the past five years, you
will see that the number of such investigations varied from year to year and did
not steadily increase.

Our goal in creating this chart, which we plan to update at the end of each
semiannual reporting period, is to provide as much transparency as possible about
the makeup of our research misconduct investigative caseload. We will also strive
to make the limits of the data clear. Most importantly, the data contained in the
tables only reflects matters that have come to our office’s attention; it should not
be construed as representing all occurrences of research misconduct in proposals
received and/or funded by NSF.

What is the significance of the reported number of 75 research misconduct cases
that you cited in your testimony? Specifically, what types of cases are and are not
included, and how, if at all, does it align with the statistical table you later
provided?

0OIG RESPONSE: As noted above, the 75 research misconduct cases cited in
testimony were reported in our Semiannual Reports to Congress from March 2013
through September 2016. They represent al} the referrals that OIG made to NSF
recommending findings of RM for plagiarism, fabrication, and/or falsification in
those eight semiannual periods and illustrate the range of RM cases OIG referred
to NSF. As noted on the attached document, there were a couple of exclusions for
cases related to suspensions or voluntary settlements.

The 75 referrals reported in the Semiannuals do not align with the information
contained in the tables, which, as noted previously, report on allegations received,
investigations opened, and investigative outcomes. A referral is an investigative
step that occurs when we have completed our review of a matter and determined
what actions to recommend to the agency.

Page 2 of 3
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What, if any, limitations are there to the data and/or trend analysis of the 12-year
data history that Congress should be aware of?

OIG RESPONSE: As we note on the tables themselves, there are substantial
limits on a user’s ability to identify trends in the allegations we have received
over time because of the varying ways we collected allegation-related data over
the 12 years reflected in the tables. A further limitation on the ability to identify
such trends arises from the fact that we ran several proactive assessments looking
for plagiarism over the years encompassed in the tables, which inflated the
number of plagiarism allegations we had in some years. We ran the last such
proactive in 2013, but allegations resulting from it were still being identified in
2014.

Finally, differences in the way we counted allegations before and after moving to
our new investigative case management system further undermine the ability to
identify trends in this area. Prior to moving to the new case management system,
we counted allegations by the number of individuals who could have been
responsible for the violation at issue, so if a P], a co-PI and a grad student could
have been responsible for plagiarism in a proposal, we counted three allegations.
Under our new system such a situation would be coded as one allegation. Our
hope is that, moving forward with our new system we will have consistent
allegation-related data that can be more useful.

A further limitation of the data in the tables results from the time it takes to
conclude a research misconduct investigation. Because it can take a year or more
for us to complete our investigation and for NSF to make a finding, the tables
showing allegations and investigations by FY cannot be directly correlated to the
table of findings by FY.

Finally, the tables only provide information about allegations that come to our
office’s attention and cases we open. Accordingly, they do NOT reflect the total
universe of research misconduct related to NSF proposals or awards, only a
subset. Based on our previous experience running plagiarism-focused proactives,
we could easily increase the number of such allegations and cases if we ran
another proactive. It is also quite likely that there are fabrication and falsification
cases that do not come to our attention. Given the many different ways data can
be fabricated or falsified, and the fact that the evidence for such violations often
resides at NSF awardees, and not NSF itself, we have not yet identified a way to
run a fabrication/falsification-focused proactive and test this assumption.

Page 3 of 3



73

Breakdown of 75 "cases" reported from our Semiannual Reports

# Reported
SAR RM Cases Comments

Sep-16 6
Mar-16 5
Sep-15 5
Mar-15 12 1 case in the SAR was for suspension of an award, not RM (pg. 18)
Sep-14 10
Mar-14 12
Sep-13 13 2 of the write-ups described 2 separate cases within them (pgs. 40-41)
Mar-13 12 1 case in the SAR was for a voluntary exclusion (pg. 46)
Total

The number of reported RM cases represents the referrals that OIG made to NSF for RM
Findings. In the count, we did not include any referrals for other than RM, or other actions
taken, such as a voluntary exclusion.



74

NSF OIG Research Misconduct Statistics for FY05 through FY16

Allegations and Investigations

FY RM Alle_g_ations Received ) RM Investigations ()pen‘edz’3
P Fab Fal Total P Fab Fal Total
2005 86 11 3 100 66 3 2 71
2006 67 8 7 82 48 3 5 56
2007 90 8 6 104 67 6 0 73
2008 132 7 10 149 99 5 6 110
2009 108 0 11 119 83 0 10 93
2010 90 4 10 104 70 3 3 76
2011 85 17 15 117 58 15 8 81
2012 96 9 8 113 80 7 5 92
2013 84 10 11 165 80 8 10 98
2014 37 7 5 49 35 7 5 47
2015 64 9 11 84 64 9 11 84
2016 35 10 11 56 24 6 9 39
Totals 974 100 108 1182 774 72 74 920
Notes:

1. Key to allegations: P = Plagiarism; Fab = Fabrication; Fal = Falsification.
Allegations were made against both funded and declined NSF proposals.

Over the reporting period FY05-16, we used 3 different methods of capturing allegation
data. The periods were: FY0S5 through FY12; then FY 13, when we were granted Statutory
Law Enforcement authority, through FY15; and finally FY 16 onward, when we switched to
anew Investigative case management system. For this reason, you cannot make a
meaningful comparison or identify trends related to allegations across the entire reporting
period.

2. We define an investigation as any case in which investigative activity occurred, including
case activity defined as "Inquiry" in the RM regulation.

3. There are a small number of allegations involving RM which result in Criminal or Civil
investigations. We have not included those allegations in this report at this time,

Version 1.3 03/22/2017
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OIG Semiannual Report ‘ September 2016
i,

Research Misconduct investigations

Research Misconduct damages the scientific enterprise, is a potential misuse of
public funds, and undermines the trust of citizens in government-funded research. It
is imperative to the integrity of research funded with taxpayer dollars that NSF-funded
researchers carry out their projects with the highest ethical standards. For these
reasons, pursuing allegations of research misconduct (plagiarism, data fabrication,
and data falsification) by NSF-funded researchers continues to be a focus of our
investigative work. In recent years, we have seen a significant rise in the number of
substantive allegations of research misconduct associated with NSF proposais and
awards.

NSF takes research misconduct seriously, as do NSF’s awardee institutions. During this
reporting period, institutions took actions against individuals found to have committed
research misconduct, ranging from letters of reprimand to termination of employment.
NSF’s actions in research misconduct cases ranged from letters of reprimand to a
proposed five-year debarment. in each case below, we recommended that NSF make
a finding of research misconduct, issue a letter of reprimand, and require the subject

to compiete a Responsible Conduct of Research (RCR) training program. We also
recommended additiona! significant actions as summarized below. Unless otherwise
specified, NSF decisions on our recommendations are pending.

Associate Professor Falsifies and Fabricates Research

An associate professor at a university falsified data and fabricated results in a published
article, a submitted manuscript, a draft manu’script, and a meeting abstract that were

all supported by an NSF award. The university initiated an inquiry into allegations

of research misconduct against both the associate professor and his collaborator/
spouse, and both immediately departed the country and ceased communication with
the university. The university concluded the associate professor’s acts were intentional
and constituted research misconduct; however, it found there was insufficient evidence
to support a finding against the spouse. The university prohibited both individuals from
returning to the university and contacted the journal, resulting in'a retraction of the
published article.

We concurred with the university’s findings and recommended that NSF debar the
associate professor for five years.- We further recommended that, for five years after the
debarment period, NSF require certifications and assurances; require submission of a
detailed data management plan with annual certifications of adherence for any resulting
awards; and bar him from participating as a peer reviewer, advisor, or consultant for
NSF.

Graduate Student Falsifies Experiments
In NSF-supported research, a graduate student falsely portrayed numerous

experimental procedures and falsified data. After multiple attempts failed to replicate
the student's data, the student's mentor retracted two papers. The student retumed

21
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investigations

to her native country prior to the university investigation. The university investigation
concluded that the student falsified fourteen figures in the two papers. However, the
committee felt a lack of physical evidence precluded them from drawing any conclusions
on whether the student had falsely portrayed the experiments.

We concurred with most of the university’s conclusions; however, we found that a
preponderance of the evidence indicated that the graduate student falsely portrayed the
experimental procedures. We recommended that NSF debar the graduate student for
five years and require the graduate student to submit certifications and assurances for
three years after the debarment.

Manuscript from NSF-Funded Center Almost Entirely Plagiarized

A university faculty member’s seven page manuscript was almost entirely plagiarized
from two law review articles. in response to a journai’s-query, the faculty member
attributed the plagiarism to “a tragic sequence of mistakes and honest errors,” and said
her two co-authors submitted the manuscript to the journaf without her approval.

The university investigation concluded that the faculty member intentionally committed
plagiarism, and the university placed a letter of reprimand permanently in the facuity
member’s file; required that a senior faculty member monitor her written work for two
years; placed her on probation for two years; and removed her from the NSF-funded
center projects for no less than two years.

We concurred with the university’s report and recommended that NSF debar the
faculty member for one year. We aiso recommended that, for three years following
the debarment period, NSF bar her from serving as an NSF peer reviewer, advisor, or
consultant and require that she submit certifications and assurances.

Assistant Professor Submits Others’ Research for Funding

Our investigation found that an assistant professor submitted nine proposals to NSF
with plagiarized text; six of the proposals also proposed to do work that had already
been completed and published by other researchers. We recommended that NSF
debar the assistant professor for two years. We also recommended that, for two years
after the debarment ends, NSF bar the assistant professor from serving as a reviewer,
advisor or consuitant, and require submission of certifications and assurances.

Students Fabricate Data on a PhD Student’s NSF-Funded Project

A PhD candidate hired several students to work as hourly employees to code data
related to her dissertation research. Two of the students entered copied data they
claimed they had individually coded. The university learned of their conduct, examined
it in the context of the school's student code of conduct, terminated the students from
the project, informed our office of the misconduct, and credited the students’ salaries to
the NSF award (approximately $2,300).

22
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We conducted an investigation to examine the students’ actions in relation to research
misconduct. We concluded that the students fabricated data, and that these actions
were a significant departure from the standards of the research community and
therefore constituted research misconduct. We provided our investigative findings to
NSF along with recommendations for findings of research misconduct, debarment,
mandatory responsible conduct of research training, and imposition of certifications and
assurances for future documents submitted to NSF.

Assistant Professor Falsifies Data in NSF proposal

An assistant professor at a university falsified data in an NSF proposal. The university's
Investigation Committee determined that the assistant professor’s acts of mislabeling
figures in a published manuscript, poster, and NSF propeosal met the definition of
falsification of data. The Investigation Committee did not make a research misconduct
finding, because they concluded the preponderance of the evidence did not establish
that the acts were committed intentionally, knowingly, or recklessly. The university
agreed with the Investigation Committee’s conclusion that research misconduct did

not oceur. The university implemented the recommended actions, which included a
correction of the publication, remedial training courses, and oversight by a mentoring
committee for a period of three years.

We disagreed, in part, with the university’s findings. We did not find that the mislabeled
figure in the manuscript constituted an act of data falsification but rather was a mistake
generated during the manuscript publisher's formatting process. We did conciude

that the other two acts of data falsification were committed recklessly, fit a pattern of
research misconduct, and were a significant departure from accepted practices. We
recommended that, for one year, NSF require certifications and assurances; require
submission of a detailed data management plan for any resuiting awards; and bar the
assistant professor from participating as a peer reviewer, advisor, or consuitant for NSF.

Actions by NSF Management on Previously Reported Research
Misconduct Investigations

NSF has taken administrative action to address our recommendations on ten research
misconduct cases reported in previous Semiannuai Reports. In each case, NSF
made a finding of research misconduct, issued a letter of reprimand, and required
RCR training. NSF also took additional significant actions in response to our
recommendations, as summarized below:

+ In the case of the graduate student who submitted eleven NSF proposals in order to

receive funding for work he had already completed'® and manipulated his published
manuscripts to hide it, NSF proposed a three-year debarment.

19. March 2016 Semiannual Repaort, p.24.
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in the case of a university professor who fabricated data and faisified the status of
manuscripts in NSF documents,® NSF imposed a one-year debarment followed

by three years of certifications and assurances. NSF did not impose requirements
following the debarment period for a data management pian or prohibit the professor
from participating as an advisor or consultant for NSF, as we had recommended.

In the case of a university professor who plagiarized material from three sources into
an awarded proposal where he was the listed co-P1,2* NSF required certifications
and assurances for three years, and barred the professor from serving as peer
reviewer, advisar, or consuitant for NSF for one year.

NSF proposed to debar for five years a graduate student who faisified her
dissertation data.??

In the case of the full professor whose awarded proposal was found to contain
plagiarized text,”® NSF required that he submit certifications and assurances for two
years, and barred him from serving as an NSF reviewer, advisor, or consultant for
two years.

In the case of a P who copied a portion of another scholar's research goals into a
declined NSF proposal and copied a substantive portion of the methodology into
another declined NSF proposal,? NSF required that the Pl submit certifications and
assurances for two years, and certify compliance with requirements imposed by his
university.

NSF required a Pl who plagiarized material in an NSF proposal*® to submit
certifications and assurances for two years, and barred him from serving as a
reviewer, advisor, or consuitant for two years.

In the case of a Pi who plagiarized material in a proposal for a funded NSF award,
which was suspended and subsequently closed while suspended,?® NSF required
the P! to submit certifications and assurances for three years and certify compliance
with university-imposed requirements.

NSF required that a graduate student who plagiarized text into an NSF grant’s
annual report?’ certify compliance with university-imposed requirements.

NSF required a P} who plagiarized materia! in multiple NSF proposais® to submit
certifications and assurances for one year, and barred him from serving as a
reviewer, advisor, or consuitant for two years.

. March 2015 Semiannual Report, pp.27-28.
. Septenber 2015 Semiannuat Repon, p.31.
. September 2015 Semiannual Repart, p.29.
. March 2015 Semiannuat Report, p.30,
. March 2016 Semiannual Report, p.27.
. March 2015 Semiannual Report, p.30.
. March 2015 Semiannual Report, pp.31-32; March 2016 Semiannual Repart, pp.26-27,
. September 2016 Semiannual Reporl, p.30.
. September 2015 Semiannual Report, p.30.
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RESEARCH MISCONDUCT INVESTIGATIONS

Research misconduct damages the scientific enterprise, is a potential misuse of public funds, and
undermines the trust of citizens in government-funded research. Itis imperative to the integrity of research
funded with taxpayer dollars that NSF-funded researchers carry out their projects with the highest ethical
standards. For these reasons, pursuing allegations of research misconduct {(plagiarism, data fabrication,
and data falsification) by NSE-funded researchers continues to be a focus of our investigative work.

NSF takes research misconduct seriously, as do NSF's awardee institutions. During this reporting
period, institutions took actions against individuals found to have committed research misconduct, ranging
from letters of reprimand to termination of employment. NSF’s actions in research misconduct cases
ranged from letters of reprimand to a proposed threeyear debarment.

In every case discussed below, we recommended that NSF make a finding of research misconduct, issue a
letter of reprimand, and require the subject to complete a Responsible Conduct of Research (RCR) training
program, We also recommended additional significant actions as summarized below; unless specified,
NSF's decisions are pending.

Student Fabricated Data in Order to Perform More Interesting Research

After being confronted by her advisor, a doctoral student at a Massachusetts university admitted that
she fabricatred data in an NSF-funded research project that was published in a journal article. The student
said she fabricated the data in order to move on to research that was more scientifically interesting to her.
The university immediately dismissed her, informed the journal, and retracted the published article. The
universiry’s investigation determined that the student intentionally and knowingly fabricated a figure in the
published article, which it deemed a significant departure from accepted practices.

We concurred with the university’s conclusion, and recommended that NSF debar the student for three
years, and require certifications and assurances for six years. '

Plagiarism Leads to Funds Put to Better Use

A PI from a Puerto Rico university plagiarized material in a funded NSF proposal, which was suspended
and subsequently terminared, resulting in over $150,000 of funds put to better use. As described previously,”
the PI included plagiarized material in a funded NSF proposal and an unfunded proposal.

The PI's university concluded that she committed research misconduct. The PI asserted during the
investigation that student assistants. prepared portions of the proposal; however, she had no evidence
regarding student involvement. The university reprimanded the PI and required that her writing be
monitored for three years, that she successfully complete a university course regarding proper citations
practices within one year, and that she complete a refresher workshop the following year.

19 March 2015 Semiannual Report, pp.31-32.
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Qur investigation concluded the Pl committed research misconduct by knowingly plagiarizing material
in two proposals, constituting a significant departure from accepted practices. We also identified plagiarism
in the PI's dissertation. We recommended that NSF require the PI submit certifications and assurances for
three years and certify compliance with university-imposed requirements.

PI Plagiarized Portions of His Proposed Research Work

A PI from a New York university copied a portion of another scholar’s research goals into a declined NSF
proposal and copied a substantial portion of the methodology into a second declined NSF proposal. The
university’s investigation concluded that, although the Pl's act was a significant departure from accepted
practices, the PI did not commit research misconduct because he acted with careless intent. The university
required the Pl to take or teach a responsible conduct of research course, and to use proper citation
practices in his writings.

Qur review of the university’s report found that the university incorrectly interpreted the reckless
standard of intent, determining erroneously that recklessness requires a conscious or purposeful element.
Qur investigation concluded that the PI acted recklessly and thus committed research misconduct. We
recommended that NSF require the Pl to submit certifications and assurances for two years, and certify
compliance with university-imposed requirements.

PI Asserts Numerous Reasons to Explain Plagiarism Allegation

A PI at a Michigan university submitted an NSF proposal containing three pages of apparently copied
text in the proposal’s five-page literature review. The Pl asserted that he had used the American Psychological
Association (APA) citation style, that common language use was coincidence, and that he used the author’s
words to avoid misinterpretation. We determined the PI's citation practices did not meet APA standards,
found his other responses contradictory, and referred the investigation to his institution.

The PI asserted that: 1) NSF policies are nuanced and in conflict with his own literal interpretation;
2) NSF's requirements for quotation use conflict with other disciplines’ standards; 3) his field is eclectic
and not addressed by NSF policy; and 4) the research proposal is not really research. The university
refuted all of these assertions and concluded that the PI committed plagiarism, at least recklessly,
which was a significant departure from accepted practices. The university required the PI to participate in
a supervisory meeting to discuss the seriousness of his actions, identify steps to prevent future
occurrences; take training about plagiarism prevention; and submit all grant proposals to a university
official for review for two years.

Qur investigation determined that the Pl knew his actions constituted plagiarism, knew NSF proposals
required attention to citation, and was not unfamiliar with the grant writing process.  Consequently, we
determined he acted knowingly. We recommended that NSF require the PI submit certifications and
assurances for two years, and certify compliance with university-imposed requirements.
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@Assistant Professor Recklessly Plagiarizes in NSF Proposal

An assistant professor in Alabama submitted an NSF proposal in which most of the first page, as well
as a few other paragraphs, were apparently copied from othet sources. She stated she copied and pasted
text from her source documents without any notation into the same computer document where she was
also composing original text for the proposal—over months of composition, this practice led to her inability
to distinguish copied from original text. The university determined that she recklessly plagiarized and
terminated her employment. We agreed with the university’s conclusions and recommended that NSF

require certifications for one year.

Actions by NSF Management on Previously Reported Research Misconduct Investigations

NSF has taken administrative action to address our recommendations on seven research misconduct
cases reported in previous Semiannual Reports. In each case, NSF made a finding of research misconduct,
issued a letter of reprimand, and required RCR training. NSF also took additional significant actions in
response to our recommendations, as summarized below.

* In the case of a former graduate student who falsified data appearing in his submitted PhD dissertation
and in multiple publications,®® NSF debarred the individual for three years and imposed three years of
subsequent certifications and assurances.

*»  Previously, we reported on a graduate student at a Rhode Island university who provided fakified data
to his NSF-funded advisor who included it in a journal article that has been retracted.” NSF made a
finding of research misconduct and imposed a three-year debarment.

* In thecase of a professor at a Florida university who submitted multiple proposals containing plagiarism
to NSF over a period of four years,” NSF imposed a one-year debarment and four years of certifications
and assurances. NSF also took final action against a postdoctoral research associate involved in this
case, imposing a one-year debarment and four years of certifications and assurances,

* In the case of a PI at a Pennsylvania university who plagiarized material from a colleague's declined
proposal into her own NSF proposal,® NSF imposed a oneyear debarment followed by three years of
certifications and assurances. NSF also barred the Pl from serving as a peer reviewer, consultant, or
advisor for NSF for a year.

* In the case of a postdoctoral scholar at a Pennsylvania university who falsified NSF-funded research
data in a manuscript submitted to a journal,”” NSF imposed a one-year debarment and four years of
certifications and assurances. ‘

« In the case of 2 PI who claimed that the wrong version of his proposal was submitted to NSF, and
that the use of quotation marks around directly copied text in his proposals was not required by the
standards of his research community,”® NSF imposed three years of certifications and assurances.

20 Seprember 2014 Semiannual Report, p.26.

21 March 2015 Semiannnal Report, p.27.

22 September 2014 Semiannual Report, pp.26-27.
23 March 2015 Semiannual Report, p.28.

24 March 2015 Semiannual Report, p.28.

25 March 2015 Semiannual Report, p.29.
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+ In the case of a Missouri Pl who submitred annual and final project reports that misrepresented the
publications supported from his grant,” NSF required certifications and assurances for three years.

» In the case of a professor at a Virginia university who submitted two NSF proposals containing
plagiarism,” NSF imposed two years of certifications and assurances.

« In the case of a professor at a Georgia university who submitted two NSF proposals containing
plagiarism,* NSF imposed two years of certifications and assurances.

* In the case of an associate professor at a Massachusetts university who plagiarized material into multiple
NSF proposals,” NSF imposed one year of certifications and assurances.

* In the case of an Illinois professor who plagiarized materials into four NSF proposals,® NSF imposed
two years of certifications and assurances.

26 March 2015 Semiannual Repert, pp.28-29.
27 March 2015 Semiannual Report, p.29.

28 March 2015 Semiannual Report, p.30-31.
25 March 2015 Semiannual Report, p.31.

30 March 2015 Semiannua} Report, p.30.
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Research Misconduct Investigations

Research misconduct damages the scientific enterprise, is a potential
misuse of public funds, and undermines the trust of citizens in
government-funded research. it is imperative to the integrity of research
funded with taxpayer dollars that NSF-funded researchers carry out their
projects with the highest ethical standards. For these reasons, pursuing
allegations of research misconduct {plagiarism, data fabrication, and
data falsification) by NSF-funded researchers continues to be a focus of
our investigative work. : In recent years, we have seen a significant rise in
the number of substantive allegations of research misconduct associated
with NSF proposals and awards.

NSF takes research misconduct seriously, as do NSF's awardee
institutions. During this reporting period, institutions took actions against
individuals found to have committed research misconduct, ranging from
letters of reprimand to revocation of doctoral degrees. NSF's actions

in research misconduct cases ranged from letters of reprimand to a
proposed five-year debarment. In every case, we recommended that
NSF make a finding of research misconduct, issue a letter of reprimand,
and require the subject to complete a Responsible Conduct of Research
(RCR) training program. We also recommended additional significant
actions as summarized below.

Graduate Student Falsifies Dissertation Data

A Texas university conciuded that a former graduate student manipulated
her dissertation research data. The university’s investigative panel
heard testimony from the P, {T experts, and the student, about the

data and the student’s methodology for collecting the data.. Based on
the evidence the Pl presented during the hearing, the former student
eventually agreed the data were falsified, and blamed the falsification on
an ex-roommate. The panel concluded the former student committed
research misconduct by falsifying and fabricating data in her dissertation,
and recommended that the university revoke her Ph.D. She appealed
the decision, but the university president, and the state's board of
regents upheld the finding and action.

We concurred with the university that the student committed research
misconduct. Furthermore, we concluded that the student failed to take
responsibility for her actions. She tried to conceal her falsification by
lying to the university and pursuing legal challenges to the university’s
authority to investigate and our ability to obtain evidence from the
university about the investigation. We recommended that NSF debar
her for five years, and for five years prohibit her from serving as a peer
reviewer, advisor, or consuitant for NSF.
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Graduate Student Fabricates and Falsifies Research Data in
Multiple Publications

A graduate student at a Texas university fabricated and falsified data
in three publications describing NSF-supported research and multiple
other publications supported by other external funding. The university
investigation committee concluded that she committed research
misconduct. We determined that her actions included the improper
manipulation of data, and publishing a description of a synthetic
reaction and its products when the reactions were never carried out.
We recommended that NSF: debar the student for three years; bar the
student from serving as a peer reviewer, advisor, or consultant for NSF
during the debarment period; and require three years of certifications
and assurances thereafter.

Plagiarism in a Proposal Requesting Support to Write a Textbook

We determined that a proposal from a California professor requesting
support to write an undergraduate-level textbook contained plagiarized
text and references. The sources for the copied text and references
included a Ph.D. dissertation, college job advertisements, and coliege
mission statements. During our investigation, the professor described
the dissertation author as a “consuitant to the project”, but the proposai
does not describe the author as a consuiltant and did not list her as

a collaborator. We recommended that NSF require two years of
certifications and assurances, and bar the professor from serving as a
peer reviewer, advisor, or consultant for NSF.

PI Exonerated, Graduate Student Committed Plagiarism

A Texas university Pl who submitted an annual report to NSF that
contained plagiarized text asserted that a graduate student wrote the
plagiarized part. The university found that the Pl checked the report prior
to submission with plagiarism software, which did not detect the buik of
the copied text was not flagged. The Pl provided evidence that he had
asked the graduate student to increase citations and rewrite portions
flagged by the software. The student rewrote the flagged portions, but
concealed that a large amount of copied text was not flagged. The
institution found that the student committed piagiarism, for which the

P! did not share culpability. We concurred that the graduate student
knowingly plagiarized and recommended that NSF ban the student from
serving as an NSF reviewer, advisor, or consultant for two years.
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Co-PI Plagiarizes in Proposal

An awarded proposal submitted by a North Carolina university contained
material plagiarized from three sources. The university's investigation
determined the co-Pi alone knowingly plagiarized the material into the
proposal. The university implemented corrective actions that included
remedial training and plagiarism screening of all forthcoming proposals.
We agreed with the university's conclusion and recommended one year
of certifications and assurances, and a one-year bar from serving as a
peer reviewer, advisor, or consultant for NSF.

Actions by NSF Management on Previously Reported Research
Misconduct investigations

NSF has taken administrative action to address our recommendations
on three research misconduct cases reported in previous semiannual
reports. In two of the cases NSF made a finding of research misconduct,
issued a letter of reprimand, and required RCR training. NSF also took
additional significant actions in response to our recommendations as
summarized below:

« In the case of a former P! at a California university who intentionally
fabricated and falsified data,” NSF imposed a five-year debarment.
NSF also barred the Pl from serving as a peer reviewer, advisor,
or consuitant for NSF for five years. However, NSF did not impose
any certification requirements for proposails submitted, and data
management plans entered into, following the debarment period, as
we had recommended.

« In the case of a former postdoctoral researcher and his mentor at
a Colorado university who committed falsification and fabrication,*
NSF imposed a governmerit-wide suspension for both pending a final
resolution of the case. Ultimately, NSF debarred each for one year.

» In the case of an lllinois Pl who committed plagiarism,?* NSF required
three years of certifications and assurances, and banned the Pl from
serving as a peer reviews, advisor, or consultant for NSF for three
years.

« NSF declined to make a finding of research misconduct in the case of
two professors and a graduate student at a North Carolina university
who omitted experimental details and overstated their experimental
results in a published article,” concluding that their actions were
significant departures from accepted research practices, but were

20 September 2014 Semiannual Repart, p.25.
21 March 2014 Semniannuat Report, pp.21-22.
22 September 2014 Semiannual Repart, p.30; March 2014 Semiannugi Report, pp.23-24.
23 Septemnber 2013 Semiannuai Report, p.21.
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not committed with a culpable level of intent. NSF issued a lefter of
reprimand, and declared alt three ineligible for future NSF funding,
relying on statutory authority to do so when it has concluded that
investigators have violated NSF policy on dissemination and sharing
of research results.?* NSF would reinstate their eligibility if they took ¢
specific actions to correct publications containing the misleading
results. This prohibition applies only to the receipt of NSF funds and
does not affect awards from other federal agencies.

24 42U.8.C. § 18620-3.
25 We introduced the Quotation-Citation-Reference (QCR) method for assessing the act of plagiarism in our
March 2009 Semiannual Report, p.43.
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NSF Proposed Termination of Two Employees

In a previous Semiannual Report®®, we described the actions of two
NSF employees: a supervisor who lied to OIG, his supervisors, and his
staff and colleagues; and a program officer who released a sensitive
document to the press. Based on an analysis of all the facts, NSF
proposed termination of both employees, and both retired.

Research Misconduct Investigations

Research misconduct damages the scientific enterprise, is a potential
misuse of public funds, and undermines the trust of citizens in
government-funded research. It is imperative to the integrity of research
funded with taxpayer doliars that NSF-funded researchers carry out their
projects with the highest ethical standards. For these reasons, pursuing
allegations of research misconduct {plagiarism, data fabrication, and
data falsification) by NSF-funded researchers continues to be a focus of
our investigative work. In recent years, we have seen a significant rise in
the number of substantive allegations of research misconduct associated
with NSF proposals and awards.

NSF takes research misconduct seriously, as do NSF's awardee
institutions. During this reporting period, institutions took actions against
individuals found to have committed research misconduct, ranging

from letters of reprimand to termination of employment. NSF's actions
in research misconduct cases ranged from letters of reprimand to a
proposed three-year debarment. in every case, we recommended that
NSF make a finding of research misconduct, issue a letter of reprimand,
and require the.subject to complete a Responsible Conduct of Research
(RCR) training program. We also recommended additional significant
actions as summarized below.

Proactive Review Identifies Plagiarism in Multiple Proposals

As part of a proactive review, we analyzed over 8,000 proposals
awarded by NSF in FY 2011 for evidence of plagiarism. We processed
these proposals using commercial plagiarism software, and ranked them
by the amount of apparently-copied text. We determined that many
proposals contained some amount of copied text, but opened cases only
on the more apparently serious violations that might constitute research
misconduct.

We opened 34 plagiarism investigations, ten of which have resulted

in NSF making findings of research misconduct. From these cases
we have recovered $357,602 in federal funds to date. We issued
questionable research practice letters in six cases in which the copying

18 September 2014 Semiannual Repart, p.17
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was considered plagiarism, but did not rise to the level of research
misconduct. Ten cases are still pending. One of the pending plagiarism
investigations uncovered significant financial issues, and is being
pursued for possible civil/criminal prosecution.

Overall, less than one half of one percent of the funded proposals
contained enough piagiarism to constitute research misconduct. This
percentage is less than the results from our earlier proactive reviews
which included declined proposals.

Graduate Student Misrepresents Data to Advisor Who Published It

A graduate student at a Rhode Island university provided falsified data
to his NSF-funded advisor, who included it in a journal article. A reader
of the article first identified the problems with the data presented in a
figure, and reported to the advisor his inability to repeat the reported
calculations based upon that data. The advisor and a colleague were
unable to reproduce the student'’s results when asked to review the data,
and the advisor retracted the article.

The university initiated its investigation, but shortly thereafter the student
returned to his home country. Other than two written explanations for
how he had arrived at his results, the student did not participate further
in the investigation. The university concluded that the student knowingly
falsified the curve-fitting results that ultimately appeared in the article,
retroactively dismissed the student from the university, and prohibited
him from readmission.

We concurred with the university that the student committed research
misconduct and we recommended NSF debar the student for 3 years.

Professor Fabricates Data and Falsifies Status of Manuscripts

A professor at a Maryland university fabricated data and falsified the
status of manuscripts in NSF proposals. The university’s investigation
determined the professor intentionally fabricated data in one NSF
proposal and intentionally misrepresented the status of manuscripts in
several NSF proposal and award documents. The university concluded
the professor's acts constituted research misconduct and the university's
disciplinary actions included oversight, remedial training, and prohibition
of applying for funds.

Our further investigation established that the professor faisified the
status of manuscripts in four NSF proposals and four annual reports.
We concluded that the professor’s fabrication of data and falsification
of manuscripts’ status were intentional acts, representing a pattern
of research misconduct. We recommended that NSF debar him for

March 2015
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one year and that for three years after the debarment, NSF: require
certifications and assurances; require submission of a detailed data
management plan with annual certifications of adherence for any
resuiting awards; and bar him from participating as a peer reviewer,
advisor, or consultant for NSF.

Pl Plagiarizes from Former Colleagues in NSF Proposal

APl at a Pennsylvania university plagiarized a significant amount of
material from a colieague’s declined proposal submitted to another
agency into her own NSF proposal. The university declined to conduct
an investigation because it did not have a research misconduct policy.
The P! admitted to us that she knowingly plagiarized material from a
former advisor and another colleague, blaming time constraints and
inexperience in proposal writing. We concluded that the P} committed
plagiarism and recommended that NSF debar her for one year, reguire
certifications and assurances for three years after the debarment, and
bar her from participating as a peer reviewer, advisor, or consuitant for
NSF.

Postdoc Falsifies Data To Make Results “Look Better”

A post-doctoral scholar at a Pennsylvania university falsified NSF-funded
research data in a manuscript submitted to a journal. When confronted
by his mentor, the postdoc admitted that he had changed the data
because it “would make the results in the paper look better.”

The university concluded that the post-doc knowingly committed .
research misconduct, but found mitigating circumstances. it sent the
postdoc a letter of reprimand and reqguired his lab director to monitor
his research; however, the postdoc ieft the university and retumed to
his home country. We concurred with the university’s assessment and
recommended NSF debar the post-doc for one year, and require he
provide certifications and assurances for four years.

PI Falsifies Accomplishments under Grants

A Missouri university’s investigation determined that a PI's annual
reports were inaccurate and misrepresented the publications supported
from his grant. it concluded that the PI's extensive misrepresentations
constituted falsification, made a finding of research misconduct, and
required the Pl to provide quarterly progress reports for al externally-
funded projects for one year. In addition, for three years he must have all
annual reports reviewed by the university.
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We concurred with the university’s finding of research misconduct.
The PI overwheimingly misrepresented his accomplishments in his
publications listed in his progress reports to NSF. For one grant, more
than 90% of the publications listed in his first annual report and 80%
of the publications in his second annual report were falsified; the
publications were either inaccurate or not attributable to his NSF-
funded research. Further, approximately 90% of the publications
listed in the annual and final reports for a second NSF grant were also
falsified, establishing a pattern of misrepresenting his publications. We
recommended that NSF require the P! to provide certifications and
assurances for three years.

Texas Professor Claims Wrong Version of Proposal Submitted to
NSF

Our investigation determined that a Texas Pi plagiarized in two NSF
proposals. The Pi told us he mistakenly submitted a version of the
proposal in which he used placeholders for copied text, and that proper
citations and references were present in a “final” version. The “final’
version that he provided showed changes only to the text which we had
originally identified, suggesting that the final version was created after
we contacted the Pl. The Pi's university determined that plagiarism
also existed in a proposal submitted by the Pi to another agency.
Because the proposais were used as support in his tenure package,
the university dismissed the professor. We recommended that NSF
require certifications and assurances for three years, and a concurrent
prohibition from service to NSF as a reviewer, consuitant, or advisor.

Professor Copies Portions of His Proposal’s Proposed Research
Plan

A professor at a Virginia university submitted two NSF proposals
containing plagiarism. One of the proposals contained copied text in the
research plan taken from another researcher’s proposal. The professor
told us that his citation was adequate, and that he “had no intention of
taking the author’s technical idea or copying his writing without giving
him full credit.”

The university investigation concluded the professor plagiarized and that
his actions represented a pattern of plagiarism. It required him to submit
all of his proposals, papers, and manuscripts for plagiarism review for
five years,

We concurred with the university’s conclusions and recommended that
NSF require the professor to provide certifications and assurances for
two years, and require he certify compliance with the university-imposed
-requirements. :
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Fuil Professor Claims Ignorance of Quotation Marks

A full professor at a Michigan university who plagiarized text into an
NSF proposal asserted that he was unaware of the need for quotation
marks, stating, *| really didn’t know actually when you copy, you need

to put quotation.” The university rejected this excuse after finding the
professor attributed text properly in 22 of his other papers, also noting
the professor had already completed RCR training. They imposed three
years of certifications and assurances, and required hrm to attend in-
person remedial training at his own expense.

The NSF program officer determined that the plagiarized text would have
been material to the funding decision. We concluded that the professor
knowingly plagiarized and recommended that NSF terminate the award
early, recover funds already spent, impose two years of certifications and
assurances, and impose a ban of the same length on serving as an NSF
reviewer, consultant, or advisor.

Professor’s Claim of Technically-Constrained Language Dispelied

An lllinois P! plagiarized into four NSF proposals. The P! claimed that
the copied text was technically constrained, or that he had permission
to use the text verbatim without citing its source. The university
investigation determined the P! knowingly committed plagiarism in two
of the four proposals. The university concluded that the copied text in
the other two proposals was technically constrained — that is, it could
only be expressed in a limited number of ways. The university also
determined that the permission the Pl described was solicited after we
initiated our investigation.

The university required that for one year the PI's department chair must
certify that his submitted proposals are free of plagiarism. Additionally,
the Pi was directed to write a report to the investigation committee on
proper citation practices. We recommended that NSF impose a two-year
period of certifications and assurances, and a concurrent prohibition from
service to NSF as a reviewer, consuitant, or advisor.

University Removes Professor from Funded Project Due to
Plagiarism

A professor at a Georgia university submitted two NSF proposals
containing plagiarism, one of which NSF funded. The university
investigation concluded that the professor committed plagiarism,
removed her from the awarded project, excluded her from receiving or
applying for federal funding for one year, and required her to implement
a university-approved responsible conduct of research plan.
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We concurred with the university and found that a journal article the
professor authored also contained plagiarism, which directly contradicted
statements she made to her university. We recommended NSF require
the professor to provide certifications and assurances for two years, and
require that she certify compliance with university-imposed requirements.

Professor Claims Quotation Marks Not Needed for Directly
Copied Text

A Mississippi Pl plagiarized in muitiple NSF proposals. He explained

to us that his community standards aliowed verbatim copied text to be
attributed by including a reference to the author at the end of the block
of text, and did not require quotation marks. The university committee
which investigated the matter disagreed with that interpretation of
professional standards, and identified numerous examples of copied text
appearing in the NSF proposals without reference attribution.

The university concluded that the Pl committed research misconduct and
imposed a formal reprimand, a prohibition from writing and submitting
grant proposals for one year, completion within one year of courses

on ethics in scientific research, responsible conduct of research, and
scientific writing, three-years monitoring of grant activities by a university
Dean, and enlistment of the services of a professional editor. We
recommended that NSF impose certifications and assurances for two
years, and a concurrent prohibition from service to NSF as a reviewer,
consuitant, or advisor.

Pi Responsible for Copied Text in Funded NSF Proposal

An associate professor at a Massachusetts university was solely
responsibie for plagiarism in multiple NSF proposals. The university
investigation concluded that the Pl reckiessly engaged in acts
constituting a pattern of plagiarism. The university required the Pl

to develop, obtain approval, and then present a workshop related to
responsible conduct of research in STEM proposals; and, for three
years, to submit external research proposais to the university’s research
administration office three days before the internal deadlines. We
concurred that the Pl recklessly committed plagiarism and recommended
that NSF require the Pl to provide certifications and assurances for one
year.

Alleged Plagiarism Leads to Award Suspension
A Pi from a Puerto Rican university included a significant amount of

apparently copied material in a funded NSF proposal. We interviewed
the program officer, who concluded that the allegedly plagiarized
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text was material to her decision to fund the award. Based on our
recommendation, NSF suspended the award — with $150,637
unexpended — pending completion of our investigation.

Actions by NSF Management on Previously Reported Research
Misconduct Investigations

NSF has taken administrative action to address our recommendations on
7 research misconduct cases reported in previous semiannual reports.
in each case, NSF made a finding of research misconduct, issued a
letter of reprimand, and required RCR training. NSF also took additional
significant actions in response to our recommendations as summarized
below.

* Inthe case of a Fiorida Pl and co-P! who plagiarized material into
multiple NSF proposals's, NSF proposed a one-year debarment for
each, and four years of certifications and assurances. The co-Pl
appealed the action, and NSF’s decision is pending.

+ Inthe case of an associate professor at a California university
who plagiarized text into four proposals to NSF, one of which was
awarded?®, NSF imposed two years of certifications and assurances
and also barred the professor from service to NSF as a reviewer,
consultant, or advisor for two years.

* Inthe case of a professor at a Florida university who plagiarized text
in eight proposals to NSF2*, NSF imposed a one-year debarment
followed by three years of certifications and assurances. For three
years NSF also barred the professor from service to NSF as a
reviewer, consuftant, or advisor.

» In the case of an assistant professor in Maine who plagiarized text
into five NSF proposals??, NSF imposed three years of certifications
and assurances, and a ban on serving as an NSF reviewer,
consultant, or advisor.

* - In the case of a Missouri graduate student who falsified data that
appeared in muitiple (now retracted) publications?, NSF proposed a
five-year debarment and three subsequent years of certifications and
assurances.

18 September 2014 Semiannual Report, p.26.

20 September 2014 Semiannual Report, p.29.

21 March 2014 Semiannual Report, p.23.

22 Saptember 2014 Semiannual Report, pp.28-29.
23 September 2014 Semiannual Report, p.26,
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» In the case of a Kansas professor who extensively plagiarized in
two review articles citing NSF support?, NSF required two years of
certifications and assurances.’

» In the case of a New York Pi who plagiarized®, NSF required
certifications and assurances for three years, and prohibited the Pi
from serving as a reviewer, consultant, or advisor for three years.

24 September 2014 Semiannual Repon, p.28.
25 September 2014 Serniannual Report, p.28.
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Research Misconduct Investigations

Research misconduct damages the scientific enterprise, is a potential
misuse of public funds, and undermines the trust of citizens in
government-funded research. It is imperative to the integrity of research
funded with taxpayer dollars that NSF-funded researchers carry out their
projects with the highest ethical standards. For these reasons, pursuing
allegations of research misconduct (plagiarism, data fabrication, and
data falsification) by NSF-funded researchers continues to be a focus of
our investigative work. In recent years, we have seen a significant rise in
the number of substantive allegations of research misconduct associated
with NSF proposals and awards.

NSF takes research misconduct seriously, as do NSF’s awardee
institutions. During this reporting period, institutions took actions against
individuals found to have committed research misconduct, ranging

from letters of reprimand to termination of employment. NSF's actions
in research misconduct cases ranged from letters of reprimand to a
proposed five-year debarment. in every case, we recommended that
NSF make a finding of research misconduct, issue a letter of reprimand,
and require the subject to complete a Responsible Conduct of Research
(RCR) training program. We also recommended additional significant
actions as summarized beiow.

PI Fabricates and Falsifies Research Results

A Pl at a California university fabricated and falsified resuits that

were included in an awarded NSF proposal, a published article, a
declined NSF proposal, and a submitted manuscript. The university's
investigation determined the Pl committed fabrication and faisification in
numerous data figures, and issued a research misconduct finding. The
P! left the university, the journal retracted the published article, and the
submitted manuscript was declined for publication.

We concurred with the university’s finding that the P! inappropriately
manipulated the research images, and concluded that the Pl intentionally
committed fabrication and falsification. We recommended that NSF
debar him for five years, and for the five years after the debarment
period: require certifications and assurances; require submission of a
detailed data management plan with annuai certifications of adherence
for any resulting awards; and bar him from participating as a peer
reviewer, advisor, or consuitant for NSF.
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Graduate Student Falsifies Data to Support Favared Hypothesis

A student entered into a voluntary settlement agreement with another
federal agency for three years, based on an admission of data
falsification in his graduate work that resulted in the retraction of

three research publications. The individual was supported by an NSF
graduate fellowship as well as other federal funding. The university
expelled the student under its academic integrity policy, based on his
admission of wrongdoing, and then completed an investigation under
its research misconduct policy, concluding that the student intentionalty
falsified data. The university failed to notify NSF of the investigation, as
required.

We obtained the university’s investigation report, and the student
declined to provide any comments or additional information to us. We
concluded that the student intentionally falsified the data, and we
recommended that NSF debar the student for five years, and require
certifications and assurances for three years thereafter.

Prafessor’s Proposals Routinely Prepared by Graduate Students
and Postdocs

Our investigation determined that a professor at a Florida university
submitted multiple proposals to NSF over a period of four years that
contained plagiarism. The university investigation established that the
professor had minimal involvement in the preparation of the proposais.
He asked his graduate students and postdocs to write the proposals,
and he then submitted them without review or evaluation. The university
concluded that the professor plagiarized from his students and postdocs
in six proposals. The university investigation also established that the
proposals inaccurately listed research publications as “in press” and
inaccurately listed the professor’s current and pending support. The
university removed the professar from scle supervision of graduate
students, prohibited him from submitting proposals to externai funding
agencies for a specified period, and mandated RCR training.

Our further investigation established the professor was the Pl on four
additional NSF proposals that contained copied text. We concluded
that the professor’s plagiarism in a total of ten proposals established a
pattern of research misconduct. We recommended that NSF impose a
one-year debarment and for the foliowing five years require certifications
and assurances, and prohibit service to NSF as a reviewer, consuitant,
or advisor.
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One of the postdocs identified as an author of the plagiarized proposals
was the focus of a previous case in which NSF made a finding of
research misconduct based on plagiarism in multiple NSF proposals.
Our investigation established that in this case the postdoc was the
primary author of the four additional proposals considered in our
further investigation, We recommended that NSF impose a one-year
debarment and a subsequent five-year period of certifications and
assurances, and prohibit service to NSF as a reviewer, consultant, or
advisor.

Assistant Professor Resigns From University During investigation

An assistant professor at a Florida institution submitted three NSF
proposals containing extensive plagiarism. The copied text comprised-
the majority of the proposals’ introduction, background, and proposed
research sections. He acknowledged the material was inappropriately

" cited and attributed the act to “miscommunications, fatigue and time

constraints.”

The university conducted an investigation, but the assistant professor
resigned prior to his scheduled interview, accepted a teaching position
outside the country, and did not respond to requests for information.
Based on the evidence we provided and student interviews, the
university concluded the assistant professor committed repeated acts of
plagiarism, which constituted a pattern of plagiarism.

The assistant professor also did not respond to our request for additionat
information. Our investigation concluded that he knowingly committed
repeated acts of plagiarism. We recommended that NSF debar the
assistant professor for one year, require he provide certifications and
assurances for three years following the debarment, and bar him from
participating as a peer reviewer, advisor, or consultant for NSF for four
years. ‘

P! Submits Inaccurate Annual and Final Reports

Our investigation determined that a Missouri PI’s annual reports were
inaccurate because most of the publications listed in the reports were
either inaccurate or were not related to his NSF-funded research. The
first annual report we reviewed cited fifty papers, but only eight of those
had appropriate attribution. We referred the matter to the PI's university,
which concluded that the PI’s misrepresentations constituted falsification
in his annual reporis and made a finding of research misconduct. It
required the P to complete RCR training, and to provide quarterly
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progress reports for all externally-funded projects for one year. In
addition, for three years he must provide all annual reports he plans to
submit to any funding agency for advance review by the university.

We concurred with the university's finding of research misconduct. For
one grant, more than 90% of the publications listed in his first annual
report and 80% of the publications in his second annual report were
falsified, in that they were inaccurate or not attributable to his NSF-
funded research. Furthermore, approximately 90% of the publications
listed in the annual and final reports for a second NSF grant were aiso
falsified, establishing a pattern of misrepresentations in his publications.
We recommended that NSF require the Pl to provide certifications and
assurances for three years.

Pl Plagiarized Text and Figures; $79,000 Put to Better Use

Our proactive review identified a funded proposal, authored by a Pl in
New York, that contained text copied without appropriate attribution. OQur
investigation identified additional proposals with unattributed copying.
Based on our recommendation, NSF suspended the grant, and we
referred the ailegation to the awardee institution for investigation. The Pi
subsequently withdrew all pending proposals from all funding agencies.

The awardee found the Pl plagiarized a total of 444 lines and five
figures into four proposals. It made a finding of research misconduct
and required the Pl to: receive formal supervision for two years, which
includes reviewing her proposals or manuscripts prior to submission;
watch a training video on plagiarism and certify she understood it; and
take a writing course. We concured with the awardee’s finding and
recommended that NSF require the Pi to provide certifications and
assurances for three years and prohibit the P from serving as a peer
reviewer, advisor, or consuitant for three years. The suspended award
has since expired, resulting in $79,050 put.to better use.

Assistant Professor Intentionally Plagiarized in Five Proposals

An assistant professor at a Maine university plagiarized text into an NSF
proposal for a collaboration between him and a researcher at another
university. The copied text comprised two-thirds of the professor’s
technical portion and half of his broader-impacts section. The university
determined that he intentionally plagiarized in the proposal to convey a
false sense of his capabilities to reviewers. The university recommended
that the assistant professor repay the money, but he resigned his
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position and returned to his home country. As discussed previously,Z the
university terminated the grant, resulting in $40,000 of funds put to better
use, and the university repaid the $26,000 aiready spent.

During our investigation, we found that the professor also copied text into
four additional NSF proposals. We recommended NSF impose three
years of certifications and assurances, and a ban on serving as an NSF
peer reviewer, advisor, or consultant.

California Professor Plagiarized in Four NSF Proposals

An associate professor at a Califomia university copied text into four
proposals submitted to NSF, one of which was awarded. During the
university investigation, the professor acknowledged copying without
attribution. The university found that the professor reckiessly plagiarized
in four proposals to NSF and required the professor to participate in
training and provide internal assurances for three years. The professor
was also issued a formal reprimand.

We concurred with the university that the professor committed

research misconduct. We recommended that NSF require two yéars of
certifications and assurances, and bar the professor from serving NSF
as a reviewer, advisor, or consuitant.

Adjuhct Faculty Plagiarizes in Proposal

An adjunct professor in Massachusetts copied portions of a literature
review without attribution in a funded NSF proposal. The NSF program
officer stated she had used the literature review as an indication that the
professor was qualified to perform the work on the award. As reported
previously,® the institution terminated the grant early, resulting in more
than $162,000 of federal funds put to better use. We recommended
that NSF require two years of certifications and assurances, and bar the
professor from serving NSF as a reviewer, advisor, or consultant.

Professor Plagiarizes in Research Reviews

Our investigation determined that a Kansas university professor
committed plagiarism in two research publications supported by NSF,
The professor copied large sections of text verbatim from publications of
others, and did not use quotation marks around the copied text, although
he usually cited the source. The professor claimed that he provided

22 March 2014 Semiannual Report, p.29.
23 March 2014 Semiannuai Repar, p.29.
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adequate attribution. The university investigation committee did not
agree; the publications were subsequently retracted, and the university
issued a public censure. We recommended that NSF require two years
of certifications and assurances, and bar the subject from acting as a
reviewer, advisor, or consultant for NSF.

Actions by NSF Management on Previously Reported Research
Misconduct Investigations

NSF has taken administrative action to address our recommendations
on ten research misconduct cases reported in this semiannual and in
previous semiannual reports. In each case, NSF made a finding of
research misconduct, issued a letter of reprimand, and required RCR
training. NSF also took additional significant actions in response to our
recommendations as summarized below.

In the case of a former graduate student at a Michigan university who
intentionally fabricated and falsified data and research materials,® NSF
finalized a three-year debarment. NSF also barred her from participating
as a peer reviewer, advisor, or consultant for three years, and required
three years of certifications and assurances as well as certifications of
adherence to a detailed data management pian for any new proposals.

In the case of a Pl at an Hlinois university who committed plagiarism by
copying ideas and text from an awarded proposal,> NSF proposed to
debar the Pl for one year. it also required three years of certifications
and assurances, and banned the P! from serving as an NSF reviewer for
three years. :

in the case of a Tennessee professor who copied text in three NSF
proposais and received duplicate reimbursements from his university for
his service as an NSF review panelist,?® NSF debarred the professor for
two years; he filed an appeal which is pending.

In the case of an Hlinois graduate student who falsified microscope
images,” NSF imposed a one-year debarment foliowed by two years of
certifications and assurances, and prohibition from service as an NSF
reviewer, advisor, or consuitant.

24 March 2014 Semiannual Report, pp.22-23.
25 March 2014 Semiannual Repor, pp.23-24.
26 March 2014 Semiannuat Repart, p.23.

27 September 2013 Semiannual Report, p.20.
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in the case of a Kentucky graduate student who fabricated data,?® NSF
debarred the student for one year, followed by one year of certifications
and assurances, and prohibition from serving as a reviewer, advisor, or
consuitant.

NSF finalized the one-year debarment proposed of a former post-
doctoral fellow at a Washington university who intentionally falsified
data.®

In the case of a professor at a Texas university who plagiarized in
his NSF proposal,® NSF required that he provide certifications and
assurances for three years.

In the case of a student in Pennsylvania who plagiarized text into his
NSF-funded dissertation,* NSF required two years of certifications

and assurances, and submission of a corrected dissertation to his own
university’s library as well as the national repository. NSF aiso required
the student to take RCR training.

In the case of a North Carolina professor who plagiarized a modest
amount of text from multiple sources into his NSF proposal,®? NSF
required him to submit certifications for one year.

{n the case of a team leader in Hllinois who recklessly plagiarized,®* NSF
required RCR training.

28 Sepiember 2013 Semiannual Report, pp.20-21.
29 March 2014 Semiannuat Repont, p.26,

30 March 2014 Semiannual Report, p.24,

31 March 2014 Semiannual Report, p.25.  ~

32 March 2014 Semiannual Report, p.28.

33 March 2014 Semiannual Repart, p.26.
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RESEARCH MISCONDUCT INVESTIGATIONS

Research misconduct damages the scientific enterprise, is a potential
misuse of public funds, and undermines the trust of citizens in
government-funded research. It is imperative to the integrity of research
funded with taxpayer dollars that NSF-funded researchers carry out their
projects with the highest ethical standards. For these reasons, pursuing
allegations of research misconduct (plagiarism, data fabrication and data
falsification) by NSF-funded researchers continues to be a focus of our
investigative work. In recent years, we have seen a significant rise in the
number of substantive allegations of research misconduct associated
with NSF proposals and awards.

NSF takes research misconduct seriously, as do NSF's awardee
institutions. During this reporting period, institutions took actions against
individuals found to have committed research misconduct, ranging from
letters of reprimand to termination of employment. During this reporting
penod, NSF’s actions in research misconduct cases ranged from letters
of reprimand to a proposed five-year of debarment. In every case, we
recommended that NSF make a finding of research misconduct, issue a
letter of reprimand, and require the subject to complete a Responsible
Conduct of Research training program. We also recommended
additional significant actions as summarized below.

Postdoc and Mentor Perpetuate Data Falsification and Fabrication
in a Series of Published Articles

A former postdoctoral researcher and his mentor at a Colorado university
perpetuated the apparent validity of research data after the postdoc had
intentionally falsified and fabricated the original study. After coauthors on
the original study were unable to replicate the postdoc's research resuits,
the mentor’s college—without informing university-leve! administration-—
conducted an informal inquiry and recommended that the issue be
worked out in the literature rather than through a formal investigation.
Although the mentor’s lab members had been able to repeat the resuits
when the postdoc was there, after he left they could not do so.

As a result of the inadequacy of the college’s informal inguiry, we
conducted our own on-site inquiry. We recommended that the
university conduct an investigation, which it agreed to do. The
university investigation focused on the postdoc’s reported isolation of
four compounds and the mentor’s continued use of the resuiting data
over several years, despite mounting evidence of research misconduct
presented by lab members and other faculty members. )

The mentor’s failure to require lab notebooks or to maintain instrumental
data in his own lab complicated the investigation; however, his
coauthors, students, and other university collaborators maintained
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sufficient records to enable the investigation to proceed. The university
uitimately concluded that the postdoc had intentionally fabricated data
with respect to the four compounds he claimed to have isolated as
naturai products. Because the postdoc was no longer an employee, the
university could take no direct actions against him.

The university also concluded that the mentor was “reckless in his use of
highly suspect data” in the face of the “loud chorus of voices challenging
the original” work. The investigation committee recommended the
retraction of eight publications and required that the mentor receive
instruction “in proper scientific laboratory protocols to document
techniques and procedures.”

We agreed with the university’s findings and recommended that

NSF: debar the postdoc for five years and the mentor for three years;
terminate the former postdoc’s active NSF awards; and require retraction
of the papers identified by the university and completion of training..

Additionally, until five years after the end of their respective debarment
periods, we recommended NSF require certifications and assurances; -
require submission of detailed data management and mentoring plans
with annual certifications of adherence to those plans for new NSF
awards; and bar both from serving NSF as a peer reviewer, advisor, or
consultant.

Graduate Student Admits Fabricating Data -

A graduate student who conducted NSF-funded research at a Michigan
university fabricated the existence of biological sample coliections and
the performance of experiments, and also fabricated and falsified data,
The student admitted to the research misconduct and the university
dismissed her from the graduate program.
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When we interviewed the student, she accepted responsibility for the
research misconduct. We concluded that she intentionally fabricated

and falsified data and the research record, and recommended that NSF
debar her for three years. After the debarment period, we recommended
that for three years NSF: require certifications and assurances;

require submission of a detailed data management plan with annuatl
certifications of adherence for any resulting awards; and bar her from
participating as a peer reviewer, advisor, or consultant for NSF.

Finding of Research Misconduct and Debarment Recommended
for Professor

Our investigation identified copied text in three NSF proposals submitted
by a professor from a Tennessee university. A university investigation
found that the professor committed plagiarism, but that his actions were
careless and did not constitute a significant departure from the standards
of his research community. Our investigation concluded that the
professor acted recklessly and that his actions did constitute a significant
departure from the standards of his research community, and therefore
that he did commit research misconduct.

Our investigation also determined that between 2004 and 2011 the
professor served as an NSF review panelist six times. On each
occasion, NSF provided him a flat rate to cover expenses for lodging and
meals; nonetheless, he also requested and received duplicate lodging
and meal reimbursements from his university. Based on his plagiarism
and deceptive conduct, we recommended that the professor be debarred
for two years and that NSF require him to complete an ethics course
within one year.

Florida Professor Plagiarizes in Eight NSF Proposals

A Florida university determined that a professor intentionally committed
extensive plagiarism in several proposals, including two proposals he
submitted to NSF as Pl. Despite the professor’s claim that no other
proposals contained copied text, our investigation found substantial
plagiarism in six additional NSF proposals. We recommended that NSF
debar the professor for one year, followed by three years barring the
professor from serving as a reviewer, advisor, or consuitant; and three
years of certifications and assurances. .

Lab Director Commits Plagiarism

A lab director in lllinois plagiarized text, ideas, and structure from an
awarded NSF proposal she had obtained from the proposal’s Pl. During
our inquiry, she told us she thought the Pl had given her permission to
copy text and ideas from the proposal, which was aimed at the same
NSF program as hers. Her institution investigated, found that she
violated its code of ethics, and imposed sanctions.
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The awarded proposal’s P! told us she had voluntarily offered the director
a copy of her proposal, but had not given permission for the director

to use her text or ideas. We concluded that the lab director knowingly
plagiarized and we recommended that NSF debar the lab director for
one year, require three years of certifications and assurances, and bar
her from serving as a consultant or reviewer for NSF for three years.

P! Plagiarizes in Funded Faculty Early Career Development
(CAREER) Proposal

A professor at a Tennessee university plagiarized in a CAREER
proposal submitted to NSF. The professor asserted that he was rushed
in preparing the proposal and did not have time to properly edit his
submission. However, the same copied text appeared in proposals he
later submitted to other federal agencies, seeking support for the same
research that was already funded by the NSF CAREER award. The
university made a finding of research misconduct, required training in
the responsible conduct of research, and placed the professor under the
mentorship of a senior faculty member. We agreed with the university’s
conclusions, and recommended that NSF impose a three-year period of
certifications and assurances, and a concurrent prohibition from service
to NSF as a reviewer, consuitant, or advisor.

Professor Asserts that Rushed Deadline Resulted in Extensive
Plagiarism

A professor from a Texas university plagiarized about three pages of
material in his NSF proposai. Claiming that he was rushed by deadlines,
the professor accepted full responsibility for his actions. His university
determined that he committed research misconduct in failing to properly
attribute the work of others within his proposal. We concurred with

the university's assessment and recommended that NSF require
certifications and assurances for three years and bar the professor from
serving as a reviewer for two years. ’

Professors and Postdoctoral Researcher Plagiarize in Two NSF
Proposals

Two Washington professors and their postdoctoral researcher
piagiarized materials from ten separate sources into two NSF proposals.
Based on its investigation, the university required that the professors’
grant proposals be reviewed for five years, that they develop an ethics
waorkshop within three years, and that their dean and department chair
be responsible for monitoring their work. The university concluded
there was sufficient evidence to substantiate the postdoc's direct
involvement in the plagiarism, but in lieu of a full investigation it entered
into a settiement agreement that preciudes the postdoc from seeking
employment from the university for seven years.
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Based on our further investigation, we determined that the postdoc was
responsible for a large portion of the plagiarized text. While the actions
taken against the professors adequately protected the interests of the
federal government, we recommended that NSF require the postdoc to
provide certifications and assurances for three years.

Professor Plagiarizes from Graduate Students’ Dissertations

A professor at a Pennsylvania university plagiarized material from the
dissertations of two former students, and from an article by another
author summarizing the professor’s own work, into four NSF proposals.
The university investigation revealed that the professor copied text from
the dissertation of one former student, which itself contained plagiarized
text. The university accepted the professor’s assertion that no other
proposals contained improperly copied text and the university found that
no research misconduct occurred. :

Our investigation determined that the professor had submitted two
more NSF proposals with text copied from a second former student’s
dissertation, which also contained plagiarized text, as well as from
an article by another author summarizing the professor’s research.
We cornicluded that the professor knowingly committed plagiarism
and recommended that NSF require two years of certifications

and assurances, and bar the professor from serving NSF as a
reviewer, advisor, or consultant for two years. NSF accepted our
recommendations.

Graduate Student Plagiarizes in NSF-Funded Dissertation

A graduate student working under an NSF award at a Pennsylvania
university plagiarized a large amount of text into his dissertation.
The university concluded it was plausible that the student, who had
been educated in another country, was unaware of proper citation
or paraphrasing standards for reviewing other research. Further,
the student admitted that he was in a hurry and reckless in putting
his dissertation together. The university determined he reckiessly
plagiarized and required him to replace the official version of his
dissertation with a revised version.

We concurred with the university’s conclusions, and we recommended
that NSF require two years of certifications and assurances, and bar the
student from serving NSF as a reviewer, advisor, or consultant for fwo
years. ' )
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Team Leader Recklessly Plagiarizes in NSF Proposal

A university team leader in Hiinois both contributed to and compiled
two NSF proposals in which plagiarized text appeared. The university
determined that the team leader recklessly plagiarized “since proper
checking of citations and appropriate attributions were not provided.”
We agreed with the university’s assessment and recommended that
NSF require- certifications and bar the professor from serving NSF as a
reviewer, advisor, or consultant for one year.

Professor Plagiarizes From Four Sources Into an NSF Proposal

A North Carolina professor plagiarized a modest amount of text from
multiple sources into his NSF proposal. Because the professor claimed
that he placed the copied text into his draft proposal as a place holder,
the university concluded that he had no structured process to prevent the
insertion of plagiarized text into his proposals. We concurred with the
university that the professor plagiarized recklessly and recommended
that NSF require the professor to submit certifications for one year.

Actions by NSF Management on Previously Reported Research
Misconduct Investigations

NSF has taken administrative action to address our recommendations
on fifteen research misconduct cases reported in this semiannual

and previous semiannual reports. in each case, NSF made a finding

of research misconduct, issued a letter of reprimand, and required

the subject to complete a Responsible Conduct of Research training
program. NSF also took additional significant actions in response to our
recommendations as summarized below.

+ In the case of a former doctoral student at a Minnesota urniversity who
intentionally fabricated and faisified data on which his dissertation
advisor relied in an NSF proposal, NSF finalized the five-year
debarment proposed previously.*? .

= NSF took action against a graduate student in Kentucky who
fabricated data ** by proposing a one-year debarment, imposing
one year of certifications, and barring the student from serving as a
reviewer, advisor, or consultant for NSF for one year.

» In the case of a former postdoctoral feliow at a Washington
university who intentionally falsified data,'* NSF proposed a one-year
debarment, barred him from participating as a reviewer, advisor, or
consultant for three years, and required three years of certifications
and assurances as weill as certifications of adherence to a detailed
data management plan in each new proposal.

12 September 2013 Semiannual Repart, p.24.
13 September 2013 Semiannual Report, p.20.
14 September 2013 Semiannual Repart, p.20.
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» in the case of a professor who plagiarized from a proposal that she
reviewed for NSF,** NSF imposed certifications and assurances for
three years, and prohibited the professor from serving as a reviewer,
consultant, or advisor to NSF for three years.

« in the case of the assistant professor at an Arizona university who
plagiarized text in two NSF proposals and blamed it on software,®
NSF required certifications and assurances for approximately two
years, and barred him from participating as a reviewer, advisor, or
consultant for NSF for approximately two years.

* NSF required a small business owner who knowingly plagiarized text
in two NSF proposais to submit certifications for two years.”

* NSF required a P! employed by an Idaho company, who knowingly
plagiarized materiaf in an NSF proposal, to submit certifications and
assurances for two years."

+ In the case of a Pi in South Carolina who plagiarized into three NSF
proposais,’® NSF required that for two years the PI: certify compliance
with his university-imposed sanctions; provide certifications and
assurances; and be barred from serving as a reviewer, advisor, or
consultant for NSF.

* NSF required a Pt, formerly at an Hlinois university,?® who plagiarized
text into two grant proposals, to provide certifications for one year.
We also identified $42,641 of inappropriate expenditures that were
returned by the university during the last semiannual period and the
current one.

+ In the case of a Pl in Georgia who faisified five letters of
collaboration, NSF required certifications for one year and prohibited
the P from serving as a reviewer, advisor, or consultant for NSF for
one year. .

» In the case of an associate professor at an Hlinois university who
piagiarized material into an NSF proposal,?' NSF required one year of
certifications.

» Inthe case of an assistant professor at a Pennsyivania university who
knowingly plagiarized in a proposal,?2 NSF required that he certify
compliance with his university’s sanctions and required certifications
and assurances for one year.

» Inthe case of a P! at an Ohio institution who submitted a
collaborative proposal containing extensive plagiarism, NSF required
certifications and assurances for one year.? The Ohio institution
subsequently terminated the award, resuiting in $50,000 put to better
use:

15 September 2013 Semiannual Repor, p.22.

18 March 2013 Semiannual Repor, p.28.

17 September 2013 Semiannual Report, p.22.

18 September 2013 Semiannual Report, p.21-22.
18 September 2013 Semiannual Report, p.22.

20 September 2013 Semiannual Report, pp. 23-24.
21 September 2013 Semiannual Report, p.23.

22 September 2013 Semiannual Report, p.24.

23 September 2013 Semiannual Repont, p.23.
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NSF required a South Carolina co-Pl who plagiarized fo provide
certifications for one year.

+ NSF declined to make a finding of research misconduct against a
professor at a Colorado university who plagiarized in his CAREER
proposal that NSF awarded with ARRA funds.?* We recommended a
finding of reckless plagiarism, but NSF concluded that the professor
acted carelessly.

ADMINISTRATIVE INVESTIGATIONS

Panelist Violates NSF’s Conflict of Interests Rule in Reviewing
Proposal

A panelist submitted a written review for a proposal, with which he had a
conflict of interests (COl), even though he was not one of the panelists
assigned to provide a written review of that proposal. We verified the
panelist was a recent collaborator and co-author with both the P! and
co-P1 of the proposai. The panelist acknowledged that aithough he had
a conflict of interests with both the Pl and co-Pl, he rated the proposal
“Excellent” and was a strong oral advocate of the proposal during the
panei discussion.

He claimed that he did not recognize the PI’s and co-P¥'s names.
because he had not physically met with them and wrote the manuscript
with them via email. NSF requires panelists to disclose potential

COls, so the program officer can make informed decisions about the
objectiveness of reviewers’ opinions. Therefore, we recommended NSF
ban the panelist from participating as a reviewer, advisor, or consultant
for NSF for two years. NSF’s decision is pending.

NSF Panelist Breaches Confidentiality by Asking His Staff to
Review Proposals for Him

A Texas professor knowingly breached reviewer confidentiality by
sharing six NSF proposals assigned to him for panel review with
subordinates at his institution. Panelists reviewing proposals for NSF
sign a non-disclosure form and agree not to disciose materiai from any
proposal they are asked to review. During our investigation, the panelist
admitted that he shared the confidential proposals with his postdoctoral
researchers, but asserted he had not done this before.

Concurrent with our investigation, the National Institutes of Health

{NIH) reviewed a similar allegation involving the panelist’s disclosure of
proposals during his participation on NIH study sections. NiH’s

24 March 2013 Semiannual Report, pp.29-30.



111

OIG Semiannual Report

Non-Profit Improperly Spends NSF Funds

Our investigation of an NSF cooperative agreement with an Alaskan
non-profit organization revealed that the P! and the organization

spent NSF funds on expenses incurred by other Arctic researchers on
non-NSF research, requested duplicative reimbursement of the same
expenses, and failed to maintain adequate documentation of expenses.
We recommended that NSF debar the Pl and the non-profit organization
for three years, and NSF's decision is pending.

Former Professor and His Company Proposed for Debarment for
Ten Years for Theft of Award Funds

We previously reported™ that a former professor of an indiana university
used NSF grant funds to purchase items for personal use, and as

a result he was: suspended government-wide by NSF; indicted and
pled guilty to criminal conversion; sentenced to probation and home
confinement; and ordered to make restitution to NSF due to his misuse
of NSF grant funds. Based on our recommendation, NSF proposed
debarment of the individual and his company for ten years. NSF also
prohibited the individual from serving as an NSF reviewer, advisor, or
consuitant to NSF during the period of debarment.

Research Misconduct Investigations

Research misconduct damages the scientific enterprise, is a misuse
of public funds, and undermines the trust of citizens in government-
funded research. It is imperative to the integrity of research funded
with taxpayer dollars that NSF-funded researchers carry out their
projects with the highest ethical standards. For these reasons, pursuing
allegations of research misconduct by NSF-funded researchers
continues to be a focus of our investigative work. In recent years, we
have seen a significant rise in the number of substantive allegations
of research misconduct associated with NSF proposals and awards.
The NSF definition of research misconduct encompasses fabrication,
falsification, and plagiarism.

NSF takes research misconduct seriously, as do NSF's awardee
institutions. During this reporting period, institutions took actions against
individuals found to have committed research misconduct, ranging from
letters of reprimand to termination of employment. During this reporting
period, NSF’s actions in research misconduct cases ranged from letters
of reprimand to one year of debarment.

10 March 2011 Semiannual Report, p.22, September 2011 Semiannual Report, p.9, ang March 2013
Semiannual Report, p.24.
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We referred thirteen cases of research misconduct to NSF, which are
summarized below. |n every case, we recommended that NSF make a
finding of research misconduct, send the subject a letter of reprimand,
require the subject to complete a Responsible Conduct of Research
training program, and other actions as described below. NSF’s decisions
are pending in all cases.

Post-Doctoral Fellow Admits Falsifying Data

A post-doctoral fellow who conducted NSF-funded research at a
Washington university admitted that he manipulated images in a
manuscript submitted to a journal. The university’s investigation
determined that he intentionally committed falsification, but found that
the image manipulations did not affect the conclusions of the manuscript.
The university issued a research misconduct finding and terminated

the fellow’s employment. The journal rescinded its acceptance of the
manuscript for publication.

We concurred with the university's findings and recommended that NSF
debar the feliow for one year. We further recommended that, for three
years after the debarment period, NSF: bar him from participating as

a peer reviewer, advisor, or consuitant for NSF; require certifications
and assurances for all proposals or documents submitted to NSF; and
require submission of a detailed data management plan with annual
certifications of adherence for any resulting awards.

Graduate Student Fabricates Microscope Images

A graduate student at an lllinois university twice fabricated microscope
images, misrepresenting his research abilities. The student admitted to
his actions and was expelled from the university. We recommended that
NSF debar the student for one year, require two years of certifications
and assurances after the period of debarment, and bar him from serving
as a consultant or reviewer for NSF for two years.

Graduate Student Expelled for Fabricating Data

A graduate student at a university in Kentucky committed research
misconduct when he fabricated research data. The student’s advisor
became suspicious when the student provided new data so soon after
returning from vacation. The advisor checked the lab equipment on
which the student supposedly conducted the experiments and found
it had not been used. When the advisor confronted the student,

the student admitted he fabricated the data. The department chair
conducted an investigation, concluded the student fabricated, and
dismissed him from the program.
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We concurred with the university’s conclusions and recommended that
NSF debar the student for one year, require him to submit certifications
and an assurances for one year following the debarment period, and bar
the student from serving as a reviewer, advisor, or consuitant for NSF.

Research Team Omission of Experimental Details and
Overstatement of Results Constitutes Falsification

Our investigation determined two faculty members and a graduate
student at a North Carolina university recklessly omitted experimental
details and overstated their experimental resuits in a published article, to
an extent that constituted falsification.

The university's investigation concluded that at least one of the faculty
members had falsified but had done so carelessly, which did not
constitute research misconduct. Nevertheless, the university requested
that the authors retract the article. When the authors disregarded that
request, the university sent the request directly to the journal — which
did not retract the article,

We continued our investigation with additional interviews and examined
the laboratory records. The student’s lab notebooks, which described
some experiments in great detaif, lacked documentation to support the
pertinent claim discussed in the article. Aithough both faculty members
claimed to have reviewed the raw data, we concluded that the minimat
raw data that existed in fact contradicted the pertinent claim in the article.
We also reviewed subsequent articles that the coauthors asserted
constituted corrections to the original paper, but we found that these
articles did not address the deficiencies in the original article.

We concluded that collectively the coauthors recklessly falsified their
work in the original article. We recommended that NSF require retraction
of the article and three years of certifications and assurances for each
author, and bar each author as an NSF reviewer, advisor, or consuitant
for three years.

Extensive Plagiarism Found in Pl's Proposal

Our investigation found plagiarism in a proposal submitted by a Pi.

The P! and the president of the Idaho company did not dispute that the'
proposal contained copied text, but explained that the Pl neglected to
finish the proposal because of “extenuating circumstances,” specifically
a visit from his fiancé, whom he had not seen in a year. Subsequently,
another company employee submitted the proposal without consuiting
the PL.
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Qur investigation, however, also found extensive plagiarism in a proposal
submitted to another federal entity, casting doubt on the claim the NSF
plagiarism was due to “extenuating circumstances.” We concluded that
the Pl knowingly committed plagiarism and recommended that NSF
require certifications and assurances for three years.

Professor Copies from NSF Proposal She Reviewed

Our investigation determined a North Carolina professor retained copies
of NSF proposals she reviewed and shared them with her students
without approval by the NSF program officer. She also copied a figure
from one of the proposais and used it in a conference presentation
without attribution to its author. Our investigation concluded that the
professor committed plagiarism and violated NSF reviewer rules. We
recommended that NSF require that the professor provide certifications
and assurances for three years, and be barred from service as a
reviewer or consultant to NSF for three years.

Small Business Owner Plagiarizes in Two NSF Proposals

A small business owner plagiarized in an NSF proposal but claimed
the plagiarism was a result of computer software. Qur investigation
found that the owner had submitted another NSF proposal a year
earlier, contrary to his contention, and that this proposal also contained
plagiarism.

The owner ultimately accepted responsibility for the copied text while
claiming he misunderstood the definition of plagiarism. This claim was
not plausible in light of his extended experience at large U.S. research
institutions and U.S. research companies. ‘We concluded that the owner
knowingly committed plagiarism and recommended that NSF require the
owner to provide certifications for two years.

Proactive Review Identifies Two Incldents of Plaglarism

We routinely carry out proactive reviews to identify fraud, research -
misconduct, and other wrongdoing in NSF awards. As a part of an
ongoing proactive review, we have been looking for plagiarism by
reviewing all proposals funded by NSF in 2011. In one case that arose
from that review, a South Carolina P! plagiarized in his NSF proposal.
The university investigation found additional plagiarism, concluded

the Pi intentionatly plagiarized, and took several actions in response.
Qur investigation identified more plagiarism, revealing a pattern. We
concurred with the university’s findings, and we recommended that NSF
require the Pl to submit certifications and assurances, and bar the Pt
from participating as a peer reviewer, advisor, or consultant for NSF for
two years.
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in a second case, we determined that a South Carolina co-Pl plagiarized
in an NSF proposal. During our investigation, we found no additional
instances of copied text. We recommended that NSF require the co-Pi
to provide certifications for one year.

Pls Submit Proposals without Noticing Plagiarism by Others

in two cases we recommended that Pls be found to have committed
plagiarism because they submitted proposals in their names which

had been significantly plagiarized by others. In the first case, a Pl at

an Ohio institution submitted a collaborative proposal in which aimost
nine of twelve pages were plagiarized. The NSF U.S.-Egypt program
announcement states that proposais “should be jointly developed ... and
reflect a true intellectual coliaboration,” and it includes explicit language
about plagiarism. The Pl admitted that his coliaborator, an Egyptian
scientist with whom the Pi was unfamiliar, prepared virtually all of the
proposal.

Our investigation concluded that the Pi recklessly committed plagiarism.
Although the P| authored only one smali section of the proposal, he
submitted a document provided to him by a foreign scientist, whom he
admittedly did not know professionally or personally, without performing
any due diligence such as carefuily reviewing the document — despite
having engaged in email correspondence in which it was clear the
Egyptian scientist has a very limited command of English. We
recommended that NSF require certifications and assurances for one
year. .

In the second case, an associate professor at an liiinois university
recklessly plagiarized material into an NSF proposal. An inexperienced
graduate student wrote the proposai and the professor submitted it with
minimal review. He claimed that family matters affected his ability to
exercise due diligence and compromised his judgment when deciding to
submit the proposal. We recommended that NSF require certifications
and assurances, and bar the professor from serving NSF as a reviewer,
advisor, or consuitant for one year.

Pi Plagiarizes in Two Awards

APl at an {flinois university plagiarized text in two awards from ten
sources. The Pi claimed he paraphrased and prominently referenced
sources to support the text; however, the identified text was not
demarcated by quotation marks or indentation. The university inquiry
determined the PI committed piagiarism, but the university did not
conduct an investigation because the Pl subsequently obtained
employment elsewhere. We agreed with the university’s findings that
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the P1 plagiarized and recommended that for one year NSF require
certifications for all proposals or documents submitted to NSF and bar
him from participating as a peer reviewer, advisor, or consuitant for NSF,

Assistant Professor Blames Software for Deleting Citations

A Pennsylvania professor plagiarized text into an NSF proposal and
claimed that the software he used to merge components of the proposal
somehow caused citations to disappear. A university committee

with expertise in the same software examined the original proposal
components and found no indication that attribution was ever present.
The committee also noted that the professor made slight modifications
to the copied text to fit his subtly different research area, and that
copying such a large amount of text would be inappropriate for quotation
marks or even a large indented biock. The committee concluded

that his actions constituted research misconduct, and we agreed and
recommended that NSF require certifications and assurances, and bar
him from serving NSF as a reviewer, advisor, or consultant for one year.

Actions by NSF Management on Previously Reported Research
Misconduct Investigations

NSF has taken administrative action to address our recommendations
on nine research misconduct cases reported in previous semiannual
reports. In each case, NSF made a finding of research misconduct,
issued a letter of reprimand, and required the subject to complete a
Responsible Conduct of Research training program. NSF aiso took
additional significant actions in response to our recommendations as
summarized beiow.

> NSF proposed a five-year debarment for a former doctoral student
at a Minnesota university who intentionally fabricated and falsified
data.” NSF will then require certifications and assurances and bar
him from serving as a consultant or peer reviewer for five years.

» NSF debarred a former graduate student at an {llinois university, who
fabricated and falsified data in a publication and his Ph.D. thesis
dissertation, from participating as a peer reviewer, advisor, or
consultant, for three years, followed by three years of certifications
and assurances as well as certifications of adherence to a data
management plan. NSF also required him to retract the publication.

« NSF proposed a three year debarmernit for an ex-professor and
co-owner of a small business, and the business itself, in California
for plagiarism,'® submitting duplicative proposals, misrepresenting
research capabilities, and providing false cerfifications to NSF

11 March 2013 Semiannual Repori, pp.26-27.

12 March 2013 Semiannuat Report, p.27.
13 March 2013 Semiannual Report, p.34.
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= NSF debarred three New York professors™ for one year, required
certifications and assurances from them for three years following
the debarment, barred them from participating as NSF peer
reviewers advisors, or consuitants for three years following the
debarment, and required certification of compliance with the
requirements imposed by their institution.

» NSF barred a Pl who plagiarized in proposais submitted from two
SBIR companies' from participating as a peer reviewer, advisor, or
consultant for NSF, and required certifications and assurances, for
two years.

» NSF barred a Texas Pi who copied text without citation or quotation®®
from participating as a peer reviewer, advisor, or consultant for NSF
for one year, and required certifications and assurances for two
years. ’

« NSF required a research scientist at a small business in Maryland,
who plagiarized text into an awarded NSF proposal,”” to submit
certifications, and barred him from participating as a reviewer,
advisor, or consultant, for one year.

« NSF required a professor at a Colorado university, who recklessly
plagiarized in the proposai for his ARRA-funded CAREER award, ™
to provide certifications, and barred him from serving NSF as a
reviewer, advisor, or consuitant, for one year,

» NSF required an Ohio Pl, who recklessly plagiarized in his NSF
proposal,’ to provide cettifications for one year.

Administrative Investigation
Significant Abuse of Transit Subsidy

Our investigation found that an NSF employee used her transit benefit
938 times for personal trips and 51 times for parking over three years.
During this period, the employee replaced her Metro card four times but
did not transfer the subsidy balance to the new card, thereby leaving
almost $1,000 of federal funds on the old card accounts. She also
applied for and received an almost $1,000 cash reimbursement for
transit expenses that she had not incurred.

During our interview, the employee admitted that she had given her son
the cards, obtaining new cards as he lost or broke them and registering
them with NSF to continue the subsidy. Because the employee’s

14 March 2013 Semiannual Report, pp.27-28.
15 March 2013 Semiannual Report, p.28
16 March 2013 Semiannual Report, p.28.
17 March 2013 Semiannual Report, p.30.
18 March 2013 Semiannual Report, pp.29-30.
18 March 2013 Semiarmnual Report, p.30.
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NSF Suspends Two Companies, the Pl, and Former Controller
Government-Wide Pending Further Investigation

Our investigation revealed a Connecticut for-profit company filed faise
financial reports and cash requests with NSF and that the Pl misused
NSF award funds. Based on our recommendation, NSF suspended the
Pl, the company’s former controler, the company, and the associated
non-profit company government-wide pending the conclusion of our
investigation. The U.S. Attorney's Office accepted this case and is pursu-
ing appropriate remedies.

Research Misconduct Investigations

Research misconduct damages the scientific enterprise, is a misuse of
public funds, and undermines the trust of citizens in government-funded
research. It is imperative to the integrity of research funded with taxpayer
dollars that NSF-funded researchers carry out their projects with the
highest ethical standards. For these reasons, pursuing allegations of
research misconduct by NSF-funded researchers continues to be a focus
of our investigative work. In recent years, we have seen a significant rise
in the number of substantive allegations of research misconduct associ-
ated with NSF proposals and awards. The NSF definition of research
misconduct encompasses fabrication, faisification, and plagiarism.

NSF takes research misconduct seriously, as do NSF’s awardee
institutions. During this reporting period, institutions took actions against
individuals found to have committed research misconduct, ranging from
letters of reprimand to termination of employment. During this reporting
period, NSF’s actions in research misconduct cases ranged from letters
of reprimand to one year of debarment.

We referred eleven cases of research misconduct to NSF, which are
summarized below. In every case except the first one, we recommended
that NSF make a finding of research misconduct, send the subject

a letter of reprimand, require the subject to complete a Responsible
Conduct of Research training program, and other actions as described
below. NSF’s decisions are pending in nine of the eleven cases.™

10 Pursuant to NSF’s reguiation, NSF strives ta issue decistons on allegations of research miscanduct within
120 days of receiving the OIG's recommendations. 45 C.F.R. § 889(c){2)(#). NSF is still within this 120-day
timeframe in each of the nine pending cases.
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Professar Enters into a Voluntary Exclusion Agreement fo Resolve
Data Falsification Allegations Spanning More than a Decade

A former professor at a Massachusetts university agreed to voiuntarily
exclude himself from federal funding for eighteen months as a resuit of a
university investigation that concluded that he had falsified data in eight
different projects. The university report described the professor’s pattern
of falsifying data and misrepresenting his methodology in published and
unpublished manuscripts since the late 1990s, some of which involved
NSF funding. The resulting changes either enhanced the significance of
the statistics supporting his hypotheses or increased the credibility of his
reported results. The university investigation concluded with the retrac-
tion of one NSF-supported publication and the publication of corrections
to two others. The professor took a one-year leave of absence from the
university and later resigned.

During our investigation, the professor negotiated a voluntary exciusion
agreement with NSF under which he acknowiedged that NSF has suf-
ficient evidence to make a finding of research misconduct and excluded
himself from federal funding for eighteen months. He agreed to complete
training in the responsible conduct of research, and for three years after
the exclusion period to provide certifications, assurances, and detailed
data management plans for any NSF-funded work in which he partici-
pates.

Graduate Student, Given a Second Chance, Falsifies and Fabricates
Additional Data

A doctoral student at a Minnesota university intentionally fabricated and
falsified data used by his dissertation advisor in an NSF proposal. The
student previously admitted to his advisor that he had fabricated appar-
ently successful data, and the advisor gave the student a second chance
to complete the work. Several months later the student again reported
successful results, which the advisor included in proposals to NSF and
NIH, conference presentations, and two published articles. When an-
other member of the advisor’s group was unable to replicate the resuits,
the student admitted that he had fabricated and faisified the data. The
advisor immediately dismissed the student from his group and began an
investigation outside of the formal university process, with the assistance
of the student's peers.

Shortly after the university investigation began, the student afleged that
the advisor had knowingly used the fabricated data in the NSF proposal,
but the university found no evidence to support this ailegation. in addition
to the admission the student made to his advisor and two others, copies
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of spectra and chromatographs in the student's desk showed manual
manipulation of the data. The university concluded the student commit-
ted research misconduct when he intentionally fabricated and falsified
data.

We were concerned about the advisor's dismissal of the student and ad
hoc investigation, but concluded that the university’s formal investigation
was fair, and we concurred with the university's findings. We recom-
mended NSF debar the student for five years. After the debarment
period, we recommended that for five years NSF: bar the student from
serving NSF as a reviewer, advisor, or consultant; and require certifica~
tions and assurances for all proposals or reports submitted to NSF.

NSF-Supported Graduate Student Admits to Data Fabrication and
Falisification

A former graduate student who conducted NSF-funded research at

an lilinois university admitted that he fabricated and falsified data in a
publication and his Ph.D. dissertation. Based upon the admission, the
university revoked the student’s Ph.D. and requested the publication
be retracted. The student accepted responsibility for the fabricated and
falsified data.

We concluded that he intentionally fabricated and falsified data, a sig-
nificant departure from accepted practices. We recommended that NSF
debar the student for three years. After the debarment period, we recom-
mended that for three years NSF require certifications and assurances
for all proposals or documents submitted to NSF, require submission of
a detailed data management plan with annual certifications of adher-
ence for any resulting awards, and bar him from participating as a peer
reviewer, advisor, or consultant for NSF.

Pl and Co-P! Plagiarize Almost Entire Project Description in NSF
Proposal

Our inquiry determined that a declined NSF proposat submitted by a
New York Pl and two co-Pls contained text apparently copied from
twelve sources comprising nine of the nearly fourteen pages of the
project description. The university investigation concluded that the Pl and
one of the co-Pls committed plagiarism—and that while the second co-Pi
did not commit plagiarism, he was careless because he did not identify
the extensive plagiarism in a proposal bearing his name. The university
required the P! and both co-Pls to complete online training and attend a
responsible conduct of research workshop. it also assigned a mentor to
the Pl and first co-P! to assist them with grant proposals for at least three
years.
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Our investigation concluded that the first co-P{, who wrote the proposal
and carried out the copying, plagiarized intentionally, and that the PI
acted knowingly, because he was aware of the co-PP's copying but did
nothing to address it. We also concluded that both exhibited a pattern of
plagiarism in a published article and an internal university proposal. We
recommended that NSF: debar them for one year; require certifications
and assurances from them for three years following the debarment; and
bar them from participating as NSF peer reviewers, advisors, or consul-
tants for three years following the debarment.

Piagiarism Follows Pi from Company to Company

Our investigation determined that a Pl submitted muitiple SBIR propos-
als from two companies that contained substantive plagiarism. The Pi
denied that she plagiarized, claiming that her proposals had been edited,
changing her words to match text in the source documents. However,
most of the plagiarized text was in a proposal on which she was sole Pl
and there was evidence of direct copying-and-pasting from the sources.

We recommended NSF require two years of certifications and assur-

ances and bar the Pl from participating as a peer reviewer, advisor, or
consultant for NSF for two years.

Facuity Member Plagiarizes in Multiple NSF Proposals

A Pl at a Texas university plagiarized in multiple NSF proposals. The

Pi admitted to copying in one proposal, asserting that he had believed
citation alone was sufficient. The university’s investigation did not make
a finding of research misconduct because the sources were cited and
quotation marks or other demarcation of verbatim text is “a matter of
style”, commonly omitted. We disagreed and conducted our own investi-
gation.

We determined that only one of the three source documents was cited,
and that citation was not proximal to the text copied from it. We also
found that the style guide of a major journal in which the PI publishes
clearly requires verbatim text to be quoted or offset, demonstrating that
the standards of his research community are the same as other science
disciplines. In addition, we consulted two experts in the P’s discipline
who independently concluded that the proposal text was inappropriately
copied, lacking both correct citation and demarcation.

During our investigation, we found two other proposals submitted to NSF
by the P! that contained significant plagiarism, establishing a pattern of
plagiarism. We recommended that NSF require certifications and assur-
ances for two years and bar the Pi from participating as a peer reviewer,
advisor, ar consuitant for NSF for one year.
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@ Assistant Professor Blames Software for Deleting Afttribution

An assistant professor at an Arizona university plagiarized text in two
NSF proposals. The assistant professor stated that the software he
used deleted quotation marks, citations, and other punctuation. After the
university investigation revealed unattributed copying in a second NSF
proposal, he asserted that he was unaware of the need for quotation
marks, despite having two doctoral degrees. The university determined
that he committed research misconduct.

QOur review of previous drafts of the first proposal, in which the assistant
professor had appropriately cited and quoted a statement that was
deleted during editing demonstrated his awareness of proper citation
methods. More importantly, none of the previous drafts properly demar-
cated the plagiarized passages in question or contained the supposedly
deleted citations/punctuation. We concluded that he committed research
misconduct and recommended that NSF, for two years, require certifica-
tions and assurances, and ban him from serving NSF as a reviewer,
advisor, or consultant,

Pl Plagiarizes in Two NSF proposals

Qur investigation found that a Pl at a company in Virginia plagiarized
more than 150 lines of text from eighteen different sources in two
proposals, one of which NSF awarded. In response to our recommenda-
tions, NSF required the P to submit certifications and assurances for his
NSF proposals for two years, and barred him from serving as an NSF
reviewer, advisor, or consultant for one year.

Professor’s Incomplete Citation Practices Result in Plagiarism

A professor at a Colorado university recklessly plagiarized in his
CAREER proposal that NSF awarded with ARRA funds. The professor
cited most of the published papers, but did not distinguish the copied
text by quotation marks or indentation. Additionally, he did not cite his
colleagues’ unpublished manuscripts from which he also copied text.

The university investigation found that the professor committed plagia-
rism, but because the university concluded that the professor was merely
careless, it did not make a finding of research misconduct. However, the
university implemented corrective action inciuding a training requirement
and internal certifications for two years.

We agreed that the professor committed plagiarism but disagreed with
the university’s finding-with respect to intent, because such extensive
plagiarism from so many sources could not be less than reckless. We
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recommended that for one year NSF: bar the professor from serving
NSF as a reviewer, advisor, or consuitant; and require certifications and
assurances for all proposais or reports submitted to NSF.

Professor Plagiarizes in Two Proposals

Our investigation determined that a Pl at an Ohio university recklessly
committed plagiarism in his NSF proposal. The P! admitted that he
plagiarized, but asserted that in his native culture plagiarism is, in certain
circumstances, encouraged, and that persons who plagiarize in such
circumstances are considered well-educated and knowledgeable. We
concluded that, regardless of whether his statement accurately reflected
the practice in his native cuiture, when submitting a proposal to NSF he
is required to abide by U.S. standards of scholarship and NSF policy. We
recommended that NSF require certifications for one year.

PI Falsifies Letters of Collaboration

Our investigation concluded that an owner of a smalil business in Georgia
submitted a proposal that included falsified letters of collaboration. The
owner falsified five letters he had received for a previous SBIR project

by removing the text related to the original project and subsequently
submitted them in a proposal to a different program. He did not add text
relevant to the new program, but just left white space in the letters, which
led to inquiries from merit reviewers. '

We contacted the authors of the letters and learned that the P} had not
informed them of the alterations or sought permission from them to aiter
and reuse their letters for the second proposal.

We concluded the alteration of the letters meets NSF’s definition of
falsification since the Pl intentionaily altered them to more broadly
support his research. We recommended that NSF: require for one year
that the P1 certify that any documents submitted to NSF do not contain
plagiarism, falsification, or fabrication; and bar the Pl from serving as a
reviewer, advisor, or consultant for NSF for one year.

P{ from a Small Business Accepts Responsibility for Plagiarism

Our investigation found that a Pi at a smali business in Maryland know-
ingly plagiarized text in an awarded NSF SBIR proposal. We recom-
mended that NSF require certifications for one year and bar him from
serving NSF as a reviewer, advisor, or consultant for one year.
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11 NSF Proposal & Award Palicies & Procedures Guide, Grant Proposal Guide, #1.C.2.1(i){c).
12 NSF Proposai & Award Policies & Procedures Guide, Grant Proposal Guide, i1.C.2.
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Former University Official Wrote Plagiarized Proposals for Staff

We ascertained that two proposals nominally submitted by different Pis
from the same institution contained nearly identical text, and both pro-
posals contained text apparently copied from an awarded NSF proposal
submitted by another institution. Based on statements from the Pis, we
determined a university official no longer employed by the first institution
wrote and submitted the two proposals. We contacted the university offi-
cial, who accepted responsibility for writing and submitting the proposals.
Because her university was very smalf and had no procedures in place
for handling research misconduct investigations, we investigated this
matter and concluded that she committed plagiarism and recommended
that NSF make a finding of research misconduct, require certifications for
one year and bar her from serving as a reviewer, advisor, or consultant
for one year.

Actions by NSF Management on Previously Reported Research
Misconduet Investigations

NSF has taken administrative action to address our recommendations on
six research misconduct cases reported in previous semiannual reports.
In each case, NSF made a finding of research misconduct, issued a
letter of reprimand, and required the subject to complete a Responsible
Conduct of Research training program. NSF also took additional signifi-
cant actions in response to our recommendations as summarized beiow.

= In the case of a doctoral student at a Texas university who copied
over 1,200 lines of text and supporting data into his dissertation from
another student’s dissertation,’> NSF debarred the student for three
years, followed by five years of certifications and assurances. NSF
also barred him from serving NSF as a reviewer, advisor, or consul-
tant for five years.

» In the case of an Ohio university faculty member who copied alimost
500 lines of text into four proposals,** NSF required certifications
and assurances for three years, and barred the facuity member from
participating as a peer reviewer, advisor, or consultant for NSF for
three years.

» In the case of an assistant professor at a New Jersey university who
committed plagiarism in eleven unfunded NSF proposals,’® NSF
required certifications and assurances for three years, and barred
him from serving as a reviewer for three years.

13 September 2012 Semiannual Repart, pp.21-22,

14 September 2012 Semiannual Report, p.22,
15 September 2012 Semiannuat Report, p.23.
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+ Inthe case of a small business official who plagiarized in eighteen
proposals and four final project reports,*® NSF required certifications
for two years.

« Inthe case of an assistant professor at a Texas university who copied
text in two NSF proposais,'” NSF required certifications and assur-
ances for one year.

» Inthe case of an assistant professor at a Maryland university who
plagiarized large amounts of text into an NSF proposal,*® NSF
required the P}to provide certifications and assurances for one year.

Administrative Investigations
Pl Alleges Retaliation for Whistleblowing under ARRA Award

ARRA provides whistieblower protections to awardee employees who
reasonably believe that they are being retaliated against for reporting
allegations of misuse of ARRA funds received by their non-federal
employers. Under the Act, we investigate such allegations and submit

a report to NSF management, the complainant, the awardee, and the
Recovery Accountability and Transparency Board (RATB). NSF then
determines whether there is sufficient basis to conclude that the awardee
subjected the complainant to a prohibited reprisal.

We investigated an allegation that a professor had been removed as

Pl by an Arizona university from an NSF recovery act award, in retali-
ation for filing a complaint with the university alleging misuse of ARRA
award funds. The allegations included inappropriate travel expenses
and fraudulent undergraduate intern hours charged to the award by the
graduate student who ran the program under the supervision of the Pi.
The university conducted a full financial audit of the award and deter-
mined that there had been no misuse of award funds. The university also
determined that, in his role as supervisor of the graduate student, the P!
was not engaged in the award to the extent expected by the university
of a Pl, and therefore the university decided to remove him as Pi and
replace him with the co-Pl.

As required by ARRA, we submitted a report of investigation and NSF’s
decision is pending.

16 September 2012 Semiannual Report, pp.23-24. )
17 September 2012 Semiannual Repor, p.24.
18 September 2012 Semiannual Report, p, 23.
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DIRECTOR'S LETTER

The National Science Foundation’s {NSF) decades-long investment in science

and engineering (S&E) research helped build the backbone of the U.S. scientific
enterprise and transformed universities and cofleges into centers of scientific
innovation, creativity, knowledge and discovery. It also brought about the benefits of
scientific discovery—new technologies, products and knowledge—that have fueled
the economy, strengthened national security, enhanced the well-being of millians of
Americans and shaped the nation as a world leader in science and technology.

Today, NSF-funded research continues to advance the nation’s prosperity, welfare
and teadership. As these pages reflect, outcomes from basic research across
multiple scientific disciplines are transforming entire industries, from transportation to
computing to manufacturing and agriculture.

Scientific breakthroughs start with a big ideo—a question about the nature of things
that leads to a fundamental shift in thinking. The ability fo pursue and investigate
that guestion, and to innovate along the way, is what enables the discoveries that

ultimately transform the world.

Recently, NSF debuted a set of Big Ideas. These are bold, long-term research questions that ook at critical societal
challenges and aim to catalyze new breakthroughs fram the S&E communities. They identify new frontier areas for basic
research, from the Arctic to the quantum world, yet also underscore where greater investments are needed; for example,
in the S&E infrastructure and workforce.

1f one factor unites these Big ldeas, it's that they must be shared with the public by the entire scientific community
committed to moving them forward. The Big Ideas also serve as invitations to other federal agencies, nonprofits, private-
sector collaborators, industry partners and the public to help expand, develop and turn them into reality.

As the only agency that supports all areas of S&E, NSF is committed to maving these ideas and the S&E enterprise of the
nation forward. As highlighted in this book, this involves investing in people—the cornerstone of the scientific endeavor—
through programs that ensure science, technology, engineering and mathematics education and careers are accessible ta

ali citizens. And it invalves supporting a vast physical infrastructure, from telescopes and polar stations fo ecological sites
to cyberinfrastructure /supercomputers capable af advancing the frontiers af science.

With bold leadership and an eye toward the future, the U.S. will remain at the forefront of scientific exploration,

France A. Cérdova
Directar, National Science Foundation
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AN EXTRAORDINARY MANDATE

“The pioneer spirit is still vigorous within this Nation. Science offers o lorgely unexplored hinterland for
the pioneer who has the tools for his task. The rewards of such exploration both for the Notion and the
individual are greot. Scientific progress is one essentiol key fo our security as a notion, to our better
health, to more jobs, to o higher standord of living, and to our cultural progress.”

-Science, The Endless Frontier, 1945

Vannevar Bush wrote those words in response to o commission from President Franklin D. Roosevelt
to plan the nation’s scientific future after the massive—and suecessful—research and development
{R&D) mobilization following World War ll. Roosevelt envisioned a postwar world with a brighter
future than the preceding decades, one in which science and technology (S&T) could create

more productive, more fulfilling lives for oll Americans. Bush, as Roosevelt's “General of Science,”
proposed the nation’s first science agency fo transition the wartime R&D experience—which
yielded new discoveries such as penicillin, radar and the atom bomb—io peacetime.

In 1950, Congress passed, and President Harry S. Truman signed, the National Science
Foundation Act to “promote the progress of science; to advance the national health, prosperity,
and welfare; to secure the national defense; and for other purpases” to continue this legacy.

More than 60 years since, many aspects of S&T, as well as sacial and political shifts, have altered the research
landscape, but N5F has adapted and held firmly to its core mission: belief in the value of basic research. It is indeed
“where discoveries begin.”
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THE ARC OF SCIENCE:
RESEARCH TO RESULTS

Science has revolutionized the way we live our lives, As the only
federol agency specifically mandafed fo support fundamental
reseorch across aff fields of science, fechnology, engineering
and mathematics (STEM), NSF has supported discoveries and
innovations that have fransformed the way we live, sparked
and expanded the limits of our curiosity, opened the world fo
entfirely new occupations and industries and enriched our quality
of life. NSF plays a vital role in keeping the Unifed States af the
forefront of discovery and innovation.

1. WILDFIRE: NSF funds research that takes a multifaceted
approach to understanding wildfires from prevention
and prediction of the fire's path to expanding wireless

needed for lers to studying
subsequent re-growth,

2. ASTROMOMY: NSF-funded facilities house some of
the world’s most powerful telescopes, providing new
ways to peer into space to survey distant galaxies,
detect cosmic particles and monitor the sun's magnetic
field and solar flares.

3. ARCTIC: Establishing a nefwork of mobite and fixed
observation platforms and tools across the Arctic
will enable NSF to understand the far-reaching
consequences af changing Arctic temperatures and sea-
ice levels on the climate, weather and ecosystems.

4. OCEAN: The oceans are a complex and dynamic
environment that houses tremendous diversity and
promise for improving our quality of fife. NSF addresses
multiple dimensions of ocean research from mapping
evolving ecosystems and forecasting sea-level changes
to tracking and remediating oil spills to developing new
ways to harness energy from ocean waves and clean
contaminated water.

5. AGRICULTURE: With NSF funding, researchers have
developed nutrient-rich vegetables, vertical farming,
and methods to monitor pest levels, and sought to better
understand the relationship among food, water and
energy, thus protecting and improving the food supply.

&, QUANTUM COMPUTING: Harnessing the power and

potential of quantum mechanics and the interaction

of matter and energy at exiremely smali and discrete

dimensions enables smaller, faster, more efficient

sensors and computing. Looking ahead, NSF is
prepared to fead the next computing revolution by

addressing fund | fons about q

behavior and systems.

WEATHER: NSF-funded researchers are enabling

o better understanding of weather patterns and

more accurate weather predictions, through Doppler

Radar, the Doppler on Wheels vehicle, airborne GPS

technology, tornado trackers and computer modeling.

&, BECONOMICS: Understanding how U.S. goods
and services are exchanged is vital for growth and
sustainability, a mission NSF knows well. Fiffy-five of the 78
Naobel Prize winners in Economic Science were NSF-funded.

9. EMERGING PANDEMICS: Zika, Malaria, West
Nile. When and where will the next outbreak strike?
NSF-funded researchers study vital aspects of the

i

mosquitaes, ticks, fleas and fruit bats that corry viruses
harmfu! to humans. Researchers track their movement,
life cycles as well as what attracts and repels them, to
determine and limit the spread of infectious diseases.

- ANTARCTIC: NSF-funded research includes ice-shelf

monitoring, cosmic neutrino detection, studies of the
cosmic microwave background, and life in extreme
environments. NSF also operates several important
components of Antarctic research: the Amundsen-

Scott South Pole, McMurdo and Palmer stations. The
management of these facilities, as well as NSF's unique
relationship with the Department of Defense to support
flight and vessel operations, play an indispensable
role for the international research community to carry
on their work.

. EDUCATION: NSF is dedicated to STEM education, from

educating teachers and cybersecurity experts and funding
students fo supporting tribal colleges and universities, with
a special focus on workforce development and broadening
participation by underrepresented groups. NSF also funds
research fo improve STEM education.
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12, CYBERTECH: Imagine a connected world with a safe, fast,
and accessible internet; cutiing-edge anti-virus software;
more energy-efficient information technology systems
and software; cloud computing; and global accessibility
to data. NSF is poised to make major transformations,
driven by the combination of machine learning, artificial
intelligence, the Internet of Things and robotics.

13, NATURAL DISASTER: From seismic shaking models
and earthquake-resistant water pipelines to search and
rescue robots to understanding the human response
to emergencies to collecting data, NSF funding
encompasses all aspects of natural disasters and
increases preparedness and resilience.

14, LINGUISTICS: NSF funds research to understand
the science of linguistics, including the psychalogicat
processes involved in the use of fanguage; how children
acquire language; the social and cultural factors in
language use, variation and change; and the biological
basis of language in the brain.

15. BRAIN: Understanding the brain, the most intricate
organ in the body, requires the infegration of multiple

o

approaches and methods. NSF-funded researchers
study how individual brain cells function and
communicate with each other and how neural networks
are formed and maintained, which will advance the
understanding of the way neurophysiologicol systems
operate and relate to behavior.

- POUICING: Thanks to NSF research involving

stronger bulletproof vests, DNA fingerprinting,
vetino! scans, improved explosive devise detection,
work in cryptography and nonverbal communication
education, our military and police are able to better
perform their work and do so more safely, enhancing
national security.

LAR: NSF drives the automotive field forward with
reseorch on advanced manufacturing; safer, more
fuel-efficient cars and airplanes; and self-driving
car technology.

ROBOTICE: From insect-sized robots to health and
education assistance to robots working in tandem with
humans, NSF is propelling forward the field of robotics.



137

INVESTING IN THE FUTURE

Today’s technologies were once just ideas. In most cases it fook years of research and funding to bring them to
market. The advances that will change our lives require careful cultivation and NSF is a central player in this effort,
Through basic research funding and educational initiatives that tap info the nation’s economic drivers, NSF contributes
fo every step of the U.S. research enterprise.

Across—and among-—its seven directarates, each one representing a broad field of science, engineering and education,
NSF funds ideas that push the boundaries of innovation and productivity. With the power ta transform daily fife, from
increasing crop yields to high-speed communicatian networks, these ideas are critical to moving the nation forward.,
Grants span all parts of the research and innovation pipeline, from fundamental research to transition ta practice of
research innovations. Researchers are encouraged to apply at all levels of their careers. Specific awards can assist young
researchers with establishing their scientific and teaching trajectory—cementing research pathways that can transfer to
commercial arenas.

Through its education programs, NSF prepares students from kindergarten thraugh post-graduate schoal to became
the new champions for scientific exploration. These effarts also provide evidence-based resources and learning
experiences for K-12 teachers to strengthen the skills they need to nurture these budding sclentists and engineers.

Advancing U.S. technological leadership also requires strong collaborations between industry and academia.
Acutely aware of this need, NSF supports initiatives that compiement the needs of industry, helping to transition new
scientific knowledge to commercialization. Other programs work with community colleges and job training programs
to strengthen the skills of technicians in high-tech fields from biotech to optics to cybersecurity, strengthening the U.S.
workforce and keeping the country safe. Small businesses also benefit from these collaborations. Grants that foster
entrepreneurship and provide R&D funding help them refine ideas and bring innovative products to market across all
scientific flelds. NSF’s decades of collaboration across industry, academia and government have facilitated some of
the nation’s most groundbreaking and important discoveries.

DID YOU KNOW?

According to NSF's National Center for Science and Engineering Statistics {NCSES), the federal gavernment provides
45 percent of the total national investment in basic research. This funding provides a pipeline of new ideas and
innovations that are later used to balster the economy, secure our nation and maintain our pasitian as a global leader.
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BROADENING PARTICIPATION

The brightest minds offer the best hope for solving the diverse challenges facing the world today and in the future.
But who has the brightest minds2 Some require o lunch subsidy. QOthers communicate with assistive devices. Stilt
others live in Alaska’s villages. Building a pathway for these students to share their talents is at the heort of NSF's
efforts to brooden participation in STEM ond to develop well prepared diverse STEM leaders.

These efforts give all students, regardless of background, gender, economic status, race, or physical ability, the
opportunity to engage in STEM discovery. Through educational and informal settings, students from kindergarten
through graduate school experience a range of possibilities they may otherwise never encounter. Participation
builds critical thinking skills and often energizes these students to pursue further STEM opportunities. Their choices
can fead fo high-paying jobs with strong growth potential.

Since its inception, NSF has funded the development of STEM talent with the goals of furthering scientific discavery and
ensuring the nation's security, economy ond ability to innovate. NSF's recent endeavor is NSF INCLUDES. The goal of this
integrated, national initiative is to develop STEM talent from all sectors and groups in saciety fo help grow our economy.

NSF’s broadening participation programs change individual lives and often entire communities. They strengthen the
U.S. research enterprise and sharpen its competitive edge. Through these programs, keen minds are empawered ta
change the world.

DID YOU KNOW?

According to the National Center for Science and Engineering Statistics, women make up over 50% of the callege-
educated workforce but only 28% of individuals working in science and engineering occupations. The disparities for
certain minority populations, including Blacks and Hispanics, are even larger. These numbers underscore why NSF

invests in a number of programs designed ta understand and broaden participation in STEM at the educational and
professionat fevels.
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MERIT REVIEW

Every year, NSF receives over 50,000 research proposals. To evaluate which proposals have the greatest patential tc
promote the progress of science, a rigoraus merit review process was established by the Nationa! Science Board that
seeks to identify two key factors in every proposal:

e Intellectual merit: the potential to advance scientific knowledge.
* Broader impacts: the potential to benefit saciety and contribute to the achievement of specific, societal outcomes.

Evaluating proposals on the basis of these key factors assures that the Foundations' acfivities are in the national
interest. As reviews affirm, all proposals funded by NSF are of high quolity, advance scientific knowledge and
address societal needs.

For this globally-recognized gold standard for evaluation to work, NSF relies on its program directors to assemble
experts to evaluate every proposal eligible for funding, either individually, an a panel coardinated by NSF, or a
combination of both. Every eligible proposal is reviewed by multiple experts in that proposal’s discipline(s), who
provide confidential feedback, which is crucial to ensuring that unbiased, independent assessments are received.
Multiple analyses of a proposal’s strengths and weaknesses provide a diversity af viewpoints across all dimensions of
intellectual and societal benefits.

Pragram directors—experts in their disciplines—use reviewers’ feedback and proposal rankings fo determine which
proposals are most likely 1o achieve their stated goals and advance the nation’s scientific and societal endeavors.
The merit review process is one of checks and balances through multiple reviews, strict conflict of interest rules and
concurrence from directorote leadership. High-level oversight groups such as committees of visitors and advisory
committees provide portfolio reviews and assess the quality and integrity of NSF's decision-making processes.
information on every award is publicly accessible via the NSF welbsite.

NSF has limited resources and is only able to award a fraction af the propasals it receives annually. Review feedback
is provided to every grant proposer, whether they are funded or not. This feedback is constructive informatian that
provides guidance towards refining the scientific ideas or proposal.

NSF’s merit review pracess wauld nat be what it is without the participation of nearly 34,000 reviewers each year,
who provide their time and expertise to give back to their science and to the nation. This willingness to serve affows
NSF ta use almost alt of its funds—93 percent of its total budget—to support over 362,000 researchers, teachers,
postdoctoral fellows, trainees and students each year.
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NSF BY THE NUMBERS

Tither thean the FY 2017 budget request, numbers shown gre based on FY 2016 wefivitiss
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NATIONAL CENTER FOR
ATMOSPHERIC RESEARCH

Marcus G, P
Clifford Langseth TTDEAVOR
rnes 5

OCEANUS Ty
SIKULIAQ

NSF/NCAR HIAPER
NSF/NCAR C-130
Earth Observing Loboratary’s Research Aviation Facility i %
LA S

N A

High Altitude Observatory (NCAR/UCAR)

Natienal Sofar Observaiory
Kift Peak National Observatory
Kol G. Jansky Very Large Array
Long Baseline Observatory
Green Bank Observatory
aser Interferometer Gravitationak-wove Observatory
High Altitude Water Cherenkov Observatory
Arecibo Observatory
Daniel K, Inouye Solar Telescope
Gemini North and South Telescopes
Atacama Large Millimeter Array
Cerre Tolole Inter-American Observatory
Large Synoptic Survey Telescope
Plerre-Auger Cosmic Ray Observatory
feeCube Neutrine Observatory
Askaryan Radie Array
South Pole Telescope
BICEP Telescope

INTERNATIONAL OCEAN

DISCOVERY PROGRAM

To sustain the nation's scientific enterprise, NSF
supports o wide array of research infrastructure
throughout the country and around the world, from
polar research stations and telescopes fo a fleet of
research vessels. These include:

ACADEMIC RESEARCH FLEEY

NSF, in partnership with other federal agencies, supports
o robust fleet of 18 ocademic research vessels that serve
as fleating laboratories, including the NSF-owned vessels
featured on the map.

NCAR is devoted to understanding and transferring
knowledge about the behavior of the atmosphere and
related Earth and geospace systems.

NATIONAL ECOLOGICAL
OBSERVATORY NETWORK

ED ASTRONOMY AND PHYSIC

NSF funds a suite of ground-based telescopes and
observataries that use cutting-edge technology to explore
the universe and advance astronomical research. Many of the
world’s most renowned telescopes are operated by NSF.

The JOIDES Resolution, an ocean-drilling research vessel
that is part of the IODP, conducts sea drilling to study
Earth’s oceans and paleoclimate and maintains @ number

of ocean drill sites around the world.

NEON is a continental-scale ecological observatory that
enabies fundamental research on biological responses to
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Human Occupied

Remoiely Operated
Vehice Alvin feh

le Jason

o ABE/SENTRY

Autonomous Underwaler Vehicle

LARGE HADRON COLLIDER .
A Tereidal Large Angle Spectrometer {ATLAS)

e

!
e
.

Station PAPA Array
M trminger Sen Array

Campuact Muon Solenoid {CMS)

OCEAN OBSERVATORIES INITIATIVE /.

e

M Pioneer Array
= Enduronce Array
;m__..m Cabled Confimeter Margin Aray

Cabled Axial Seamount
Argantine Basin Array

o Southern Ocean Array

NATIONAL GEQPHYSICAL
QBSERVATORY FOR
GEOSCIENCE

Seismological Facifities for Advancement
of Geoscience and EarthScope

Geéodesy Advancing Geosciences
and EarthScope

* McMurde Station

RV Nathaniel B,

RV Laurence M,
Amundsen-Scott PO Gould (icebreaker)

South Pole Station 190N

shifting environmental conditions, land-use changes and
invasive species.

MATIONAL BEEP SUBMERGENCE FACHITY

With funding from NSF, the Woods Hole O aphic

Palmer (icebreaker)

and instrumented moarings that span the Western Hemisphere
and measure physical, chemical, geological and biclogical
phenomena in key coastal, regional and global areas.

Institute operates three deep-sea exploration vehicles: one
human-pilated vehicle, one remote-contralied vehicle, and
one fully autenomous vehicle.

4 QL R

NSF supports two particle physics detectors—ATLAS and
CMS—at the LHC in Switzerland, the world's largest, most
powerful particle accelerator.

NSF instaled fixed and mobile instruments, undersea cables

Within NGEQ, NSF funds o suite of community-governed,
multi-user facilities that seek to fransfarm understanding of
Earth’s systems and hazards,

.5, ANTARCTIC PROGRAM (USAP

Through USAP, NSF manages all U.S.-related logistics in
Antarctica for seientific research, including deep-space
exploration, particle physics, Earth’s atmospheric chemistry
and more.
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NSF support makes possible

o network of science and
engineering (S&E} centers,
long-term ecological sites,
laboratories, supercomputers
and other infrastructure across
the U.S. These resources fostfer
scientific discovery.

BIOLOGICAL FIELD STATIONS AND
E LABORAT! S (FSML
FSMLs are off-campus facilities for
research and educatian canducted
in the natural habitats of terrestrial,
freshwater and marine ecosystems.
NSF has provided infrastructure
support ta more than 300 sites across
the U.S. and the world. {Sites not shown
an map.}

&3 CENTE
MM
CCls facus on solving major, long-

term fundamental chemical research
challenges, partnering with researchers
from industry, government laboratories
and international organizations.
Centers include:

RS FOR CHEMICAL

* Center for Aerosol Impacts on
Climate and the Environment (CA}

* Center for Chemistry at the Space-
Time Limit {CA)}

+ Center far Enabling New
Technologies through Catalysis {WA)}

*+ Center for Chemical Evolition (GA)

* Center for Selective C-H
Functionalization (GA)

* Center far Solar Fuels {CA)

* Center for Sustainable Materials
Chemistry (OR)

* Center for Sustainable
Nanotechnology (W1)

* Cenfter for Sustainable Polymers
{MN}

§

CEiNs perform fundamental
research and education on the
implications of nanotechnology for
the environment and living systems
at alf scales and address interactions
of the tiving world with naturally
derived, incidental and engineered
nanoparticles and nanostructured
materials, devices and systems.
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* Center for the Environmental
implications of NanoTechnology
{NC)

¢ University of California Center
for Environmentat implications of
Nanotechnology {CA}

NSF supports two CNS sites—at
Arizona State University and University
of California, Santa Barbara—

which focus on the ethical, legal,
economic and pelicy implications of
nanotechnology. (AZ /CA}
ENTERS OF RESEARCH
i LEMCEINGE
TECHNOLOGY (CRERD)
CREST enhances the research
capabilities of minority-serving
insti through the establishi

of centers that effectively promote
the development of new knowledge,
strengthen the research productivity
of individual faculty, and expand
the presence of students historically
underrepresented in STEM
disciplines. Centers include:

* Advanced Cenfer for Laser Science
and Spectroscopy (VA)

* Bioenergy Center {NC)

+ Center for Advanced Functional
Materials {CA}

* Center for Cellular and Biomolecular
Machines {CA}

* Center for Climate Change and
Carben Sequestration {CA)

* Center for Energy and Environmental
Sustainability (TX)

* Center for Energy and Sustainability
(CA)

*+ Center for Environmental
Neuroscience {Puerto Rico}

* Center of Excellence in
Nanobiomaterials derived from
Biorenewable and Waste Resources
(AL

* Center for Explaitation of
Nanostructyres in Sensors and Energy
Systems (NY}

* Center for Forest Ecosystems
Assessment {AL}

* Center for Functional Nanoscale
Materials (GA)

* Center for Gravitatianal Wave
Astronomy {TX)

* Center for Innovative information
Systems Engineering (FL}

* Center for the Integrated Study of
Coastal Ecosystem Processes and
Dynamics {MD)

¢ Center for Nano & Bop-Inspired
Materials and Devices {VA}

* Center for NanoBiotechnology
Research {AL)

+ Center for Physics and Chemistry
Materials {TN)

* Center for Research and Education in
Optical Sciences and Applications {DE}

* Center for Research on Complex
Networks {TX)

* Center for the Sharing of Cyber-
Resource to Advance Science and
Education (TX}

* Center in Tropical Ecalogy and
Evolution in Marine and Terrestrial
Environments {Hl}

* Center for Water and the
Environment {NM)

« Computational Center far
Fundamental and Applied Science
and Education (NC)

* Interdisciplinary Center for
Nanotoxicity {MS}

* Interdisciplinary Center of Research
Excellence in Design of Intelligent
Technologies for Smartgrids (NM}

* Nanotechnology Center for
Biomedical, Environmental and
Sustainability Applications {Puerto Rico)

@ CORNELL HIGH ENERGY

SYNOCHROTRON SOURLE

This NSF-funded synchrotron radiation

facility supports research in physics,

chemistry, biology and environmentat
and materials science. {NY}

@ DECISION MAKING UNDER

UNCERTAINTY CENTERS (DMUUY
DMUUs are centers that support
teams of researchers that witt
advance fundamentaf understanding
of decision making under

uncertainty. Centers include:

* Center for Climate and Energy
Decision Making {PA}

* Center for Robust Decision Making
on Climate and Energy Policy (iL)

* Decision Center for a Desert City {AZ)}

ERCs heip the U.S. meet its engineering
demands and prepare the engineering
workforce by integrating research

and education with technological
innovation, Centers include:



* Center for Advanced Self-Powered
Systems of Integrated Sensors and
Technologies (NC}

* Center for Bio-mediated and Bio-
inspired Geotechnics (AZ}

¢ Center for Biorenewable Chemicals
(1A}

* Center for Future Renewable Efectric
Energy Delivery and Management
Systems {NC}

* Center for integrated Access Networks
(AZ}

* Center for Lighting Enabled Systems &
Applications (NY}

* Center for Nanomanufacturing Systems
for Mobile Computing and Energy
Technologies (TX}

* Center for Nanotechnology Enabled
Water Treatment Systems (TX)}

* Center for Power Optimization far
Electra-Thermal Systems {iL}

* Center for Quantum Energy and
Sustainable Solar Technologies {AZ)

* Center for Re-inventing the Nation's
Urban Water Infrastructure {CA)

* Center for Revolutionizing Metallic
Biamaterials {NC}

*+ Center for Sensorimotor Neural
Engineering {WA)

* Center for Translatienal Applications
of Nancscale Multiferroic Systems
(CAl

*+ Center for Ultra-wide-area Resifient
Electric Energy Transmission Networks
(TN}

& GROUND-BASED
ASTRONOMY AND PHYSICS
NSF supports a suite af ground-based
telescopes and observataries that use
cutting-edge technology to explore the
universe. They include:

* Arecibo Observatory (Puerto Rico)

* Gemini Observatory {HI}

* Green Bank Observatory {(WV}

« LIGO {LA/WA)

* Long Baseline Observatory (CA,
NM, Hi, 1A, TX, WA, AZ, NH, Virgin
islands

* National Optical Astronomy
Observatory (AZ)

* National Radio Astronomy
Observatory (NM/VA)

* National Selar Observatory {NM,
AZ, HI)

& HIGH PERFD :
COMPUTING RESOURCES (HPC)

NSF supparts HPCs throughout the U.S.
that enable academic and industrial
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researchers, regardless of discipline or

funding agency, to perform advanced

analysis and simulations on everything

from atoms to the structure af the early

universe. They include:

* Biue Waters: National Center for
Supercomputing Applications {iL}

* Bridges: Pittsburgh Supercomputing
Center {PA}

* Comet: San Diego Supercomputer
Center (CA}

* Gordon: San Diego Supercomputer
Center {CA}

* Jetstream: Indiana University
Pervasive Technology Institute {IN}

* Stampede: Texas Advanced
Computing Center {TX}

* Wrangler: Texas Advanced
Computing Center {TX}

* Yellowstone: NCAR-Wyoming
Supercomputing Center (WY}

The LTER program supporis 25 sites
across the country, each of which
represents a major ecosystem type or
natural biome and allaws for the study af
ecological phenomena over long periods
of time. They include:

* Andrews Farest (OR}

* Arctic (AK)

* Baltimore Ecosystem Study {MD}

* Bonanza Creek {AK)

* Catifornia Current Ecosystem {CA)

* Cedar Creek Ecosystem Science

Reserve {MN)

Central Arizona-Phoenix (AZ}

Coweeta {GA)

Florida Coostal Everglades (FL)

* Georgia Coastal Ecosystems (GA}

Harvard Forest (MA)

Hubbard Brook {NH}

Jornoda Basin (NM}

Kellogg Biclogical Station (Ml)

* Konza Prairie {KS}

* LTER Network Communications
Office {CA)

* Luquillo (Puerto Rico}

McMurda Dry Valleys {Antarctica, nat

shown on map)

Moorea Coral Reef (Moareq, not

shown on map)

Niwot Ridge (CO}

North Temperate Lakes {Wi)

Palmer Antarctica (Anfarctica, not

shown an map}

Plum Island Ecosystems {MA)}

* Santa Barbara Coastal {CA)

.

.

.

.

.

.

.

.

.

.

+ Sevilleta {NM}
¢ Virginia Coast Reserve (VA)

CENTERS (MRSEC)

The MRSECs are an NSF-funded network
of university-based centers that support
materials research and education and
address fundamental problems in S&E
important to society. Centers include:

¢ Bioinspired Soft Materials Center
{MA}

* Center for Emergent Materials {OH)

* Center for Materials Science and
Engineering (MA}

* Center for Nanascale Science {PA}

* Center for Photonic and Multiscale
Nanomaterials {MI}

* Center for Precision Assembly of
Superstratic and Superatamic Solids
(NY}

* Chicaga Materials Research Center
(it}

+ Carnell Center for Materials
Research [NY)

+ CRISP Center for Research on
Interface Structures and Phenamena
€T

* Harvard Materials Research Center
iMA)

* Materials Research Laboratory {CA}

* Materials Research Science and
Engineering Center on Structured
Interfaces (W1}

* Next Generation Materials for
Plasmonics and Organic Spintronics
wn

* Northwestern University Materials
Research Science and Engineering
Center (i}

* NYU Materials Research Science and
Engineering Center {NY)

* Princeton Center for Complex
Materials (NJ}

* Research Triangle MRSEC {NC)

* Saft Materials Research Center {CO}

* The Laboratory for Research an the
Structure of Matter {PA}

* UMN Materials Research Science and
Engineering Center {MN)

* UNL Materials Research Science and
Engineering Center {NE}

NEON is a continental-scale network of
sites that enable fundamental research
on biolagical responses to shifting
environmental conditions, land-use



changes, and invasive species. NEON’s

twenty core terrestrial sites are shown

on the map.

+ Caribou Creek - Poker Flats
Watershed (AK}

+ Central Plains Experimental Range
(CO)

* Guanica Forest {Puerto Rico}

* Harvard Forest {(MA)

* Konza Prairie Biological Station {KS)

* LBJ National Grassland (TX)}

* Niwot Ridge Mountain Research
Station (CO)

* Oak Ridge {TN}

* Onaqui-Ault {UT}

* Ordway-Swisher Biolagical Station
(FL)

* Pu’v Maka’ala Natural Area Reserve
(HY)

* San Joaquin Experimentaf Range
(A

* Santa Rita Experimental Range (AZ)

* Smithsonian Conservation Biology
Institute {VA}

* Talladega National Forest {Al)

* Toolik {AK}

* UNDERC (M)

* Wind River Experimental Forest {(WA)

* Woodworth {ND}

* Yellowstone Northern Range {WY)

The NHMFL is the largest and highest~
powered magnet laboratory in the

The
facilities that advance research in
nanoscale science, engineering and
technology by providing researchers
from academia, industry and
government with access to feading-
edge tools and expertise. They include:
* Center for Nanoscale Systems (MA)}

* Cornell Nanoscale Science and
Technalogy Facility (NY}

* Kentucky Multi-Scale
Manufacturing and Nano
Integration Node (KY)

* Mid-Atlantic Nanotechnology Hub
{PA)

* Midwest Nanotechnolagy
Infrastructure Corridor (MN/ND)

* Montana Nanotechnology Facility
{MT/MN}
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* nano@Stanford {CA)

* Nanotechnology Collaborative
Infrastructure Southwest (AZ)

* National Center for Earth and
Environmental Nanotechnolagy
Infrastructure {VA}

* Nebraska Nanoscale Facility {NE}

* Northwest Nanotechnology
Infrastructure (WA/OR)

* Research Triangle Nanotechnology
Network (NC)

* San Diego Nanotechnology
infrastructure (CA}

* Soft and Hybrid Nanotechnolagy
Experimental Resource {iL)

* Southeastern Nanotechnology
Infrastructure Corridor {GA/NC}

* Texas Nanofabrication Facility {TX)

OMLABORATORY

This nuclear science research facility
atlows researchers around the world
to explore the inner workings of atoms
and thelr role in the universe. (Mf)

A NATURAL HAZARDS

INFRASTRUCTU NHER!

NHERI centers are university-based,

experimental facilities that provide

researchers with state-of-the-art
tools to investigate earthquake,
wind and water hazards, and test
ground-breaking concepts fo pratect
individuals, communities and critical
infrastructure. Different components
will provide:

* Boundary Layer Wind Tunnel, Wind
Load and Dynamic Fiow Simulators,
and Pressure Loading Actuators {FL}

* Computational Modeling and
Simulation Center {CA}

* Cyberinfrastruciure {TX}

* Geotechnical Centrifuges {CA}

* Lorge, High-Performance Qutdoor
Shake Table {CA)}

* Large, Mabile Dynamic Shakers for
Field Testing {TX}

* Large-Scale, Multi-Directional,
Hybrid Simulation Testing
Capabilities (PA}

* Large Wave Flume and Directional
Wave Basin (OR}

* Network Coordination {IN}

* Post-Disaster, Rapid Response
Research Facility (WA}

* Twelve-Fan Wail of Wind {FL}

) NETWORK FOR
COMPUTATIONAL
MNANOTECHNOLOGY (NCHN)
NCN is a multi-university network
that develops models and simulation
tools to predict behavior at the
device, circuit and system level for
naneelectronics, nanoelectromechanics
and nanobio systems. NCN serves
as a virtual laboratory to the
nanotechnology community through
online simulation and education.

* Nano-Engineered Electronic Device
Simulation Node (IN}

* NanoBiO Node {iL}

« nanoHUB (iN)

{3 SCIENG TECHNOLOGY
CENTERS (STC)

STCs integrate education and research
and provide a rich environment that
encourages future scientists, engineers
and educators to take risks in pursuing
discoveries and new knawledge.
Centers include:

* Center for Biology with X-Ray Free
Electran Lasers (NY}

* Center far Brains, Minds, and
Machines (MA)

« Center far Integrated Quantum
Materials (MA}

* BEACON Center for the Study of
Evolution in Action {Ml)

* Center for Dark Energy Biosphere
Investigations {CA}

* Center for Energy Efficient Electronics
Science {CA}

* Center for Emergent Behaviors af
integrated Cellular Systems {MA}

* Center for Science of Information {IN}

* Center for Bright Beams {NY}

* Center for Cellular Construction (CA}

* Center for Engineering
MechanoBiology (PA)

* Center on Real-Time Functional
Imaging (CO)

L sy 5 GENTERS

Synthesis centers accelerate scientific
understanding in the development of
new tools and standards for managing
data, new analysis capabilities

with broad utility, and foster
interdisciplinary collabarations in both
educational and prafessional contexts.

@

* National Institute far Mathematical
and Biological Synthesis {TN}

* National Socio-Environmentat
Synthesis Center (MD}
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DIRECTORATE FOR

BIOLOGICAL
SCIENCES

INTRODUCTION

Understanding life at all scales and degrees of complexity——from the sub-ceflular level to the
biosphere~—is central to the health and well-being of humans, and to the resilience of the plonet.

Basic research supported by NSF's Di rate for Biological Scien: BIQ)} seeks to understand how
humans and other animals, plants and a host of microorganisms persist and interact with one another,
and how they respond and adapt to a variety of environmental conditions. Identifying the basic
biological rules that have led to the existence and diversity of life on Earth can reveal mechanisms
and inspire fools fo prevent and treat diseases, improve agriculfural practices or canserve precious
natural resources.

In addition, new technologies have transformed biology into a “big data science,” one that engages
researchers from all areas of STEM to store, manage and analyze data. These data pramise to enrich
knowledge and address fundamental guestions about everything from molecular interactions to the
behavior of organisms.

Furthermore, the BIO Directorate invests in the infrastruciure, tools and theories needed to advance the
biclogical sciences and ensure the U.S. remains at the forefront of discovery, with all the technological,
societal and ecanomic benefits that a competitive edge affords. Outcomes from BIO-funded research
have the ability to transform human health, food security, biodiversity conservation and more, making
bialogy an engine for innavation in the 21* century.
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BIO DIVISIONS

Meleculor und Cellulay Biosciences seeks to understand  Envizenmenta!l Blology supports fundamental research
complex living systems at molecular and cellular scales. on populations, species, communities and ecosystems
across all spatial and temporal scales.

Integrative O ystems supports research
to understand the simple and complex structures and
functions of different erganisms in evolutionary and
ecological contexts.

Biological Infrasiructure invests in people and Emerging Frontiers encourages synergy across

infrastructure needed to advance all areas of biological multiple scientific disciplines to expand the frontiers of
research, including everything from new instrument biological research.

development to advanced cyberinfrastructure.

DID YOU KNOW?

* NSF supports 25 LTER sites—each representing a major ecosystem type or natural biome—across the continental
U.S., Alaska, Antarctica and islands in the Caribbean and the Pacific. Researchers have monitored five of the sites
for more than three decades.

« There are an estimated 1 trillion microbial species on Earth, of which only ane-thousandth of 1 percent are knawn
to scientists. That's according to an NSF-funded study that combined datasets from government, academic and
citizen science sources.

* Stanley Falkow—considered the father of molecular microbial pathogenesis, which investigates diseases at
the molecular level—was supported by NSF early in his career through a series of grants. Today, Falkow is a
professor of microbiclogy and immunclogy at Stanford University's School of Medicine.
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DIRECTORATE FOR

COMPUTER &
INFORMATION
SCIENC

ENGINEERING

Advances in computer, communication and information S&E have rapidly and profoundly transformed
our lives. They have changed the way we work, the means by which we communicate and the way in
which many of us spend our free time. These innovations help us to be more efficient and productive,
and drive economic growth.

Research supported by NSF's Computer an rma i ineeri ISE} Directorate has
enabled many transformative innovations. From the internet and web browsers to assistive robotics and
driverless cars, CISE-funded research has resuited in many technologies that touch aur daily lives.

Research supported by CISE also addresses national priorities. For example, exploring the infegration

of physical infrastructure with “eyber” capabilities will improve the function and quaility of cities and
communities, revitalizing them for the 21st century. Efforts to maximize the benefits of advanced
cyberinfrastructure, including high-performance computing research, development and deployment will
accelerate scientific discovery and advance all sectors of the economy. And building the knowledge base
and capacity for computer science education will expand ifs access to all students across the nation.

The computing field requires confinued investment to enable more efficient and secure devices,
systems, networks and computational abilities. Cantinved investments are needed to provide advanced
cyberinfrastructure resources that enable discovery across the entire U.S. S&E enterprise. They will also
enable education that provides skills essential for success in the new era of data and computation.
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CISE DIVISIONS

[« and € Foundati advances and Network Systems invests in new
computing and communication theory, algorithms for computing and networking technologies, while ensuring
computational and data science, and the design of novel  their security and privacy, and finds new ways to moke
hardware and software for future computing systems. use of current technologies.

n i intelti Systems studies the Office of Advanced Cyberinfrastructure supports and
interrelated roles of people, computers and information to coordinates the development, acquisition and provision
increase the ability to understand data, as well as mimic  of state-of-the-art cyberinfrastructure resources, tools
the hallmarks af intelligence in computational systems. and services essential o advance and transform S&E.

DID YOU KNOW?

» NSF supports 82 percent of U.S. academic computer science research. This funding enables research throughout
the entire range of computing from fundamental theory to improving human-computer interfaces.

» The Blue Waters supercomputer at the National Center for Supercomputing Applications at the University of ilinois
at Urbana-Champaign is the fastest supercomputer on a university campus in the U.S. Researchers across the U.S.
use Blue Waters to address a wide range of challenges, from predicting the behavior of complex biclogical
systems to simulating the evolution of the cosmos.

» NSF-funded researchers worked with The College Board to launch a new Advanced Placement® {AP®) computer
science course that aims to engage a greater number and diversity of students in computer science.
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DIRECTORATE FOR

EDUCATION
AND HUMAN
RESOURCES

INTRODUCTION

People are the backbone of the nation’s S&E enterprise. The success of that enterprise relies on
scientists, technicians, engineers, mathematicians and educators who engage in science every day,
combined with a well-informed public.

To sustain U.S. leadership and excellence in STEM, and o meet the high-technolagy workforce needs
of today and tomotrow, the U.S. must maintain a vigorous investment in its STEM human capital.

NSF’s E fon gon. Resour E Di rate supparts STEM education and education
research from early childhood learning to doctoral work and beyond. EHR supports and promotes
evidence-based innovations in teaching practices, instructional tools and programs that advance STEM
education and prepare the next generation of STEM professionals.

The directarate further works to ensure that STEM educatian and career opportunities are available
to all Americans, regardless of race, creed or gender. Accordingly, EHR-based programs support
broadening participation and the development of talent among groups that have been traditionaity
underrepresented in STEM, including women, minorities, persons with disabilities and veterans.

The short-term impact of this investment is to expand the STEM education research knowledge base
and develap tools and practices that inform efforts toward improvement. The longer-term impact af
this investment is a workforce that is diverse, innovative and prepared to lead in S&E, aleng with a
science-literate U.S. public.
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EHR DIVISIONS

Groduate Eduration manages innovative, NSF-wide Research on Learning in Formol and Informal Setfings

programs to support U.S. citizens ond permanent residents supports advances in cutting-edge knowledge and

to become leading scientists and engineers. practices in formal and informal educational settings fo
advance STEM learning for people of all ages.

Human Resource Development enhances excellence
in S&E education and high-quality research by

colleges and universities by investing in R&D to produce broadening participation in STEM to include historically
effective instructional approaches and materials; research underrepresented groups such as minorities, women and
experiences; and support for diverse students and persons with disabilities.

institutions to prepare tomorrow’s STEM workers.

DID YOU KNOW?

* NSF has supparted 53,800 graduate student researchers through its Graduate Research Fellowship Program
(GRFP} since it launched in 1952. More than 40 of those fellows went on to become Nobel Laureates.

* Since the Sept. 11 terrorist attacks, NSF has supported the training of 2,200 cybersecurity experts through
the CyberCorps®: Scholarships for Service program, which seeks fo recruit and train the next generation of
information technology professionals.

® Active participation in science labs not only helps students learn and earn higher test scores, but also shows a
lasting physical impact on the sensorimotor regions of the brain.
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R MMATH ASS#S!

4 Web-based platforms enhanice feaching and learning in the clclssroam Todu)r,
100,000 schools across the U.S. use un ‘online mathematics tutoring and:
‘assessment program developed by an NSF-funded ressareher 15 years dgo

Called: ASSISTments; the innovative platform helps students with their mathenidtics

coursework and teachers with their mathématics instriction: In Mcnne, o recent

study of more than 2; ;800 students at 43 pubii¢ schools using ASSISTments found
that students scored 75 percent higher on-a standardized test of ‘mathematics
achievement than studems at-schools without the prograrn. ;

NSF FELLOWS MAKE D!SCOVERIES

Thtough.its: GRFF, NSF hds finded thousands of gradum‘e reseurchers, many

of whom have mdde important discoveriss white sl in’ graduate school: For
example, an 'NSF-Graduate Research Fellow developed:a: fouch sereento
récognize multi-finger gestures foi computer inpit——using two, ﬁhgers ‘on'a
screeri fo zoom in ‘and out—a breakthrough technology that is now ubiquitous in
smartphones and other mobile-devices. Since 1952 this program has supported
42 studenits who wem onto win'Nobel Prizes.

NATIVE STUDENTS GRADUATING WITH ADVANCED SCIENCE DEGREES :
Northwest Indian College in: Washington state offers one of the few bachelor
of scignce in Naiive environméntal science programs in‘the world: Supported by
NSF's Tribal Colleges and Univetsities Program (TCUP), the first student entolled:
in the program ‘graduated in: 2009. Since then, 51 students have graduated
from the: program; with 10 more o track fo graduate in 2017, and arother 81
currently enrolled. Six of the 2014 graduates dre pursuing ‘advanced degraes
und the first Ph.D. graduate will-retirn to the college as'a faculty member.

G DATA
sus. Buredu's Census Exp!orer is an online, interactive mappirg. toot
members-of the media and public to visualize' census data gt the
and neighborhood levels. The web-badsed platform is:huilt on-a
ation tool, called Social Explorer, developed by an NSF-fundéd

¢ help undergraduate sociology students studying demography

ize U.S. census data. Census Explorer users can create maps on'a

@; including median household income and heme ownership rdfe.

rst few months of its launch, more than 100,000 users hud cremed 4
maps.

WS COMPUTER PROGRAMMERS

he dppeal of computer progromming for young people; a team

ed researchers created a visuol computer programming langudge,
h, that aliows users to develop software gruphically instead of

ing fines of code. Launched in 2007, Scratch helps children improve
atics, computation and probleém-solving skills, even s they crecte
ations and other fun projects. More than 800,000 students have
projects through the Scratch website and in'2009, NSF-funded :
duniched ScratchEd, an online resource for Scrcxtch educators.used by
over the world.
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DIRECTORATE FOR

ENGINEERING

INTRODUCTION

Engineering is essential to create o future where people thrive. Today, engineers are making this
future a reality through research in areas such as advanced manufacturing, health care, sustainability
and infrastructure.

Engineering researchers create new knowledge, concepts and designs that become technalogical
breakthroughs and solve real-world problems. They create innavations for clean watey, the electric
grid, agriculture and other national challenges. They make economic opportunities in areas such as
3-D printing and secure wireless communication. Engineers improve people’s lives with everything from
smart transportation to prosthetic devices to faster computers.

NSF's Directorate for Engineering (ENG) supports discovery acrass all these areas and more. To
speed innovations to the market, ENG aiso spurs entrepreneurship, small business growth and
industry collaboration, Ta prepare the engineers and leaders of tomarrow, the directorate supparts
engineering education and introduces the exciting possibilities of engineering to the next generation.

Investments in engineering are critical building blocks for the nation's future prosperity, security and
global competitiveness.
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ENG DIVISIONS

Enyir |.angd T

Civil, Mechanical and Monuf inngvation

Systems supports discoveries in chemical and biochemical

engineering; fundomental engineering inquiries info energy

and matter; environmental engineering ond sustainability;
and the engineering of health care technologies.

Electrical, € and Cyber Systems

advances the future of monufocturing; the design of
innovotive materials and building technologies; the
creation of resilient and sustainable infrostructure; and
high-performonce systems from robotics to heaith care.

Emerging Frontiers and Multidi Aclivities

promotes fundamental research in device and component
technologies, power, controls, computation, netwarking,
communications and cyber technologies for the intelligent
systems of the future.

supports research on cutting-edge opportunities ond
long-term challenges that address national needs, such
as secure, next-generation communication and electronics;
and supports studies and facilities at the intersection af
engineering and other disciplines.

o N

Ed) and Centers invests in the

creation of 21st century engineers and technologies
through center-based research; research in education
and student inclusion; ond research opportunities for
students and teachers.

DID YOU KNOW?

indusirial innovall Partnerships invests in high-
tech, small businesses and collaborations between
ocademio and industry ta transform discoveries into
innovative commercial technologies with societol benefits.

* Since 2013, the small business innovation research {SBIR} program funded nearly 1,300 high-tech startups and
small businesses, and acquisitions and initial public offerings of NSF-funded companies totaled o published dalfar

value of $700 miilion.

» Between the years 1985 and 2016, NSF-funded ERCs received 789 patents.

» NSF's Innovation Corps (I-Cerps) program has immersed 800 teams of scientists and engineers from 192
universities in 44 states in entrepreneuriol training to extend their focus beyand the lab ond consider the
commercial potentia} and broader impact of their research, As o result, I-Corps participants have launched 320
startups, which have raised an additional $93 million in foliow-on funding.
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HONEY BEE ESEARCH SETS GLOBM. SERVER MARKET ABUZZ
fomgung Lehavior of honey bee
ewces work: togefher in

nd text, refrieve docum ents, al
ne Iemmng, dater mind

thereby i mlzing povermal rejection. FOA cipproved Mir
techmqu foruse ina commercxally~avaxlcxble, biclogical mesh for her
h

Automatic tronsmissions allow cars and frucks o fravel o susmmed speeds Thei
core technolog e one-way clukch, at one point failed more thar “any other:

les. Los Gutos, Californid based Epilogics,: asmall

progran; developed o newer Mechanx g

ECONOM!C WIN. FOR SOLAR ENERGY CONSUMERS :
e an-Austin; Texds-based founded by NSF-funde researchers,
ed an‘elegant solution that. drfves down homeowner costsfor soler panel -
installotions: Solar panels need devices called “hverrers™ 15 transform direct current:
“electricity from sunlight into alfernating current for home andl. cormercidl use. Usually;
“these inverters ook like bulky bokes miounted on roofs or.the sides of bunldmgs -
Solaandge fits sall inverters vight onto individuad solar panals: it 2014, SunPower
Corp, & billion-doliar solar company, acquired: SelarBridge: Today, the mojority of | :
SunPower: soldir panels for residential use mclude Solaandge m;cromver?ers
down costs and msto“ahon time. :

B!ONIC EYE SEEING MORE USE E i
The first blonic. eye approved for peaplein the U.S: s been 1mplcnted ore than
200 fimes; o 150 percent incredse from'80 succassful implants overall; recorded in
2014. The Argus® It Retinal Prosthesis System allows potientsiio’ perceive light, sensé
mhoverment and navigate their. surrcundmgs Developed:in part with:NSF suppart;
“Argus® IEwirelessly franismits inidges. frony an'eyésglass-mounted caméraito d tiny
antennd wnplcnted oo patient’s damaged rating. From there, slecirical signals are
sent via the optic nerve, and the braln interprets ‘c visual image: Argus® Histhe baszs
for the Orion™ EVisual Cortical Prosthests; o nextigenaration wireless visu
stimulator that was successfully implanted and activated in o himan in Octob
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DIRECTORATE FOR

GEOSCIENCES

INTRODUCTION

The Geosch s (GEO) Directorate supports resetrch that reveals what goes on beneath the Earth’s
crust, across its landmasses and oceans, amid the atmosphere and inside its ice floes. GEO-funded
researchers seek fo understand the many processes that affect the global environment,

Some of these efforts rely on NSF’s fleet of research vessels while others rely on highly-equipped
laboratories. Researchers travel to the South Pole, the North Pole and down deep into the world's
oceans. They identify the forces behind natural hazards such as earthquakes, tornados and tsunamis.
Their findings provide data for models and other tools that save lives and protect property. Solar
studies illuminate the impact solar eruptions can have on Earth, disrupting everything from electrical
grids to wireless communications,

The GEQ Directorate also has multiple education and outreach programs to help build a strong
scientific workforce, including weather forecasters, groundwater specialists, oceanographers,
glaciologists, seismologists and engineers and scientists in the oil, gas, petroleum and mining industries,

Relationships with outside partners also leverage and extend the reach of GEQ-funded research. The
directorate is a key player in multiple activities including the Antarctic Treaty System, the U.S. Global
Change Research Program, the Ocean Research Ptiority Plan and the Global Seismic Network.

31
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GEO DIVISIONS

At heric and Geospace Sciences extends Earth Sciances examines the structure, composition and
understanding of the behavior of Earth’s atmosphere and  evolution of the Earth, the life it supports and the processes
its interactions with the sun. that control them.

e
the globe and their interactions with people, the Earth and  for the Arctic and the Antarctic. A third section manages

the atmosphere. the logistics and support operations including field stations,
camps, laboratories, ships, and airplanes.

DID YOU KNOW?

® For 60 years, NSF has maintained an uninterrupted presence in Antarctica. NSF's U.S. Anfarctic Program oversees
alt U.S. scientific research and logistics at the South Pole,

® In Southern Catlifornia, NSF-supported scientists recently discovered and mapped the Saiton Trough Fault, a
potentially significant fault that fies along the eastern edge of the Salton Sea and runs parailel to the San
Andreas Fault.

* The iceCube Neutrino Observatory is built into a cubic kilometer of ice under the South Pole. It searches for
particles from the most violent sources in the universe such as exploding stars, gamma-ray bursts, black holes and
neutron stars to tell us about the nature of the universe.
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SAFER WlNTER DRIVING WI T}'t SNOWFLAK% !MAGiNG

Falling snow. mokes winter driving ach iie Transportation plan 5 road:

cr i emergency. y an riow: estimate Teal-time acc tic y
wﬁh m:hve )mc:gmg from mulfi-angle snowﬂake cameras (MASC): NSF-funded

; hled to devel of MAS ges snowflakes down fo the
diameter of o human hair and simul ", measures how fast rhe\/ fal! T‘nese
dafahiave been critical forverifying snowkall pr ictions and ‘winter

‘clgomhms for wedither radars, -

REDUC!NG AIRUNE ICING. E\!ﬁNTS
Each yéar-in the U.S., 20 to 40 aircraft accidents are i‘nked to in-flight icing. -
Hazardous conditions that-sét up these events cost the aviation mdus?ry an
estimated $20 million annually T injuries; direrdft damage and foel: |c!ng .
forecast products developed by:NSF-funded scientists and used by the Federal
Aviation Administration (FAA) dre eredited with prevenhng an average of eight
dirline’ accidents o yedr ond reducing airline op $60 million
annually. Online icing maps, developed ot the request of thé FAA € presem a

. madjor advance in the nation’s effort'to ensure safe ﬂying :

TRABING WATER RESOURCES onvine :
By 2025, hirds of the: global p fon could fuce water: shor'ages

Conflicts over water. resource munogemem are increasing, with large sums
spenton litigation. To edse th h Mammoth Trading taunchad ‘an
onlfine market system to lease water. rights: Mcmmo’h grew out of NSF—flmded B
research on the ic and I effects of g )
S rights. It provides new risk management tools for fuvmers, reduces the cost of
dter. reqllocuﬂcn, cmd \eads o an increose in agricultural productivity: and
snditions: and

- sustainability. The approdch coutd excend 1o other natiral resources as weil

% Using fogy for. 3-D ‘el ing-originafly. d

working in the McMurdo Dry. Vclleys of Am‘arcﬂcd, NSF= funded researchers

discovered one of the world's largest precious metal deposits i northern’

Minniesota. The Nokomis Deposit is estimated fo'contdin metal resources of - -
) approximately 10 billisn pounds of copper, 3.1 billion pounds of nickel, 165

million: pourids of cobalt; 4 million ounces of platinum, ¢ mxlhon ounces “of

palladivm and 2 million-ounces of ‘gold.

LEARNED FROM AGING CORALS

Using genetics to estimate the age of coro|s, NSE- funded researchers have found
| that while same species have lasted thousands of years, their ability 1o conﬂnuu!)y

adapt fo changing-conditians may be limited. Elkhorn corals found:i

-ind the Caribbean were pegged ot mote thicin 5,000 years old. Their resilierice

attests 16 their abilifies to adjust to séa-levél chonges, storms and sedimentation

“events. The reseorch findings could help shope futuxe upprouches fo.coral reef

preservaﬂon to prorecr these robust invertebrates.
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Gravity, light, sound and energy. These basic physical phenomena lie at the heart of research
supported by the Mathematical and Physical Sciences (MPS) Directorate. Through its five divisions,
which cover astronomy, chemistry, materials, mathematics and physics, MPS-funded scientists explore
how physical phenomena impact matter. They deepen awareness of mathematical concepts and
develop new tools to study the physical world.

MPS is NSF's lorgest directorate and its research ranges across the entire scale of the universe from
spinning subatomic particles to colliding black holes in space. Its award portfolio extends from large
facilities, such as telescopes, to research grants for individual scientists. It includes education programs
to help students pursuing careers in mathematics and the physical sciences as well as initiatives ta
improve science literacy.

The discoveries from this research advance the understanding of the world around us and provide the
critical information needed to create technologies to improve our quality of life. Computers run faster,
threats are detected sooner, water is cleaner and surgery is more precise because of fundamental
studies supported by the MPS Directorate.

35
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E supports research in ali areas supports innovative research in the chemical
of astronomy and astrophysics as well as related sciences fo understand the composition, energetics and
multidisciplinary studies. interactions of molecules.

i enables new experimental and ¥ s supports a wide range of projects
theoretical discaveries about the behavior of matter aimed at developing and exploring the properties and
and materials. The division supports the creation of new applications of mathematical structures.

materials and new instrumentation fo investigate materials

phenomena, while also preparing the next generation of

materials researchers,

ponsors research across a broad range of ifice of Multidlised v dativitiss facilitates and
topics including atomic, molecular and optical physics, supports opportunities that cross traditional disciplinary
gravitational physics, particle physics, astraphysics and boundaries. The office is a focal point for external
cosmology, accelerator science, plasma science, nuclear partnerships, interdisciplinary research and innovative
physics, and the physics of living systems. experiments in education that may fead to new
porodigms in groduate and undergraduate education in
the mathematical and physical sciences.

{

N
= Since 1950, NSF has funded 123 Nabel Prize winners in physics and chemistry.

* Once camplete, NSF's Large Synoptic Survey Telescope will contain the warld’s largest digital camera, with over 3
billion pixels of solid-state detectors,

¢ The Laser Interferometer Gravitational-Wave Observatory (LIGO) detected ripples in the fabric of spacetime

ariginating over a billion light years away. This is the dawn af a new era of observations whose increasing
number will extend our knowledge of the universe.
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By.201 9 big data and business dnoly’ucs sales are. expecred 1o pull in $187 :
“billion; worldwide: A!ready;mukmg waves in this sector:is Ayasdi; & company

| founded by a renowned mathematician and NSF award reciplent. The Menlo::
Park;:California; company analyzes large datasets Using advanced algorithms: -
Ayasdi’s analysis tools help hospitals deliver better care; health surets
streaniline: claims and global banks model risk: In:2015 as&Company named
Ayasdi one of the fop 10:most innovative compumes in:Big Data.

Gloves that monitor ‘on:injured hand for progress. of recovefy, foo)wear thcn
snalyzes'the. gait in'pecple at.risk for edrly onset Alzheimer's disedse; and
shirts that chart cardiovasculat cctivity. in people at risk of heart disease and
stroke may-all be possible thanks to & néw material designed by NSFE-funded

résearchers to recognize simple potterns: The hybiid gel material works by
converting: its owr chemical reactions info-elecitical energy. This aspect also
al useful os skin for a tobot or ofher device:

The Haber-Bosch process produces. 100 million toris of fartilizera year Thss
prodiction helps feed: almost a-third:of the world's population. Corrently, the
process: consumes 3'10-5 percent of the world's natural gas production, about -
1 t6-2 percent of the world's annual energy supply. NSF-funded sclentists tre
devéloping new molecular receptors that could help reduce dependence on

this energy-hingry process. The recepiors setve ds nifrogen sensorsito provide
for more efficient dnd ‘economical application of fertilizers, while mi
wdstewater runoff from agricultural-fields. )

NSF-funded reséarch 1o: discover néw fundamental particles ‘arid forces hds led 1od
new fool with multiple applications including’ brain research; diagnosis.of abnormail
heoirt thythms-and: pre-surgicdl imaging. Originally builf to. precisely medisure

very faint magetic fields for basic physics experiments, itie ultrasensitive: defector,
calied an atomic spin magnétometer, has validated fundamental theories abour the
symmetry of space:-Furthermore, the device's abilify fo sense magnetic fields 1000
timies weaker than these in the human brain made it a candidate for-additional
applications in'medicine and neursscience. Two startup compadnies; Twinleaf:
“Precision.Sensors and QuSpin, are advancing the technolagy for:commercial use,

Space weather can disrupt radio and satellite communications, civil aviation
arid éven 'pose o threat to the electrical grid. But solar storms are highty::
“unpredictable. To-develop salar storm forecasts, the nafional Space: Weather
Prediction Center now uses data supplied by the Global Oséillation Network
Group {GONG); an NSF-funded praject. The worldwnde network.of six
felescopes inonitor subtle oscillations of the sun 24 hovts o dery; GONG research
‘hds developed an understanding of the sun’s internal structure thot is used To: -
michitor and predict acfivity that will lead to solar storms, even when that ocﬂvny
is'on the side of the sun fc:cmg away from the Earth.
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DIRECTORATE FOR

SOCIAL,
BEHAVIORAL
AND ECONOMIC
SCIENCE

INTRODUCTION

There are close to 7.5 billion people on the planet, each interacting with fumily members, friends, co-
workers, communities and the environment, New technologies and forms of communication have further
connected people with one danother around the world at an unprecedented scale. Every day, people
shape, and are shaped by, the economic, palitical, social, cultural, technological and environmental
forces that surround them.

The social, behavioral and economic sciences collectively examine this confluence of forces on people and
luminate the fundamental principles underlying human behavior—from how we think and fearn to how
we inferact individually and in groups. They help 1o better navigate relationships, build stranger and safer
communities, run husinesses efficiently and effectively, and create the technologies that enrich our fives.

NSF’s Soci vioral an ic Scien BE) Directorate coordinates insights from the various
disciplines to generate a comprehensive understanding of human behavior in alf of its complexity. SBE-
funded scientists study people and their behavior at scales ranging from cells to society and across space
and time. They explore the mysteries of the brain—how it produces perception, action, cognition and
fanguage—and help make sense of the many political, social and economic challenges that confront
communities, including energy use, migration, inequality, disaster response and warfare.

Ultimately, findings from the social, behavioral and economic sciences provide crucial insights info the self
and society that strengthen the U.S. economy, improve health and well-being, enhance national security,
and continue to position the nation as a leader of innovation and discovery.
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SBE DIVISIONS

B joral and Cognitive ces supports basic
research in the psychological, linguistic, anthropologicat
and geographic sciences to better understand how people
interact at the biolegical, cultural and social tevels,
ieading to new knowledge in everything from how the
brain forms memories to how the use of resources changes
the environment.

Social ond Economic supports basic research
in economic, social, political and organizational behavior
that looks at everything from decision making to social
capital development. Outcomes from this research provide
insights info how social networks evolve, how cybercrime
spreads and the optimal functioning of markets.

B

Lenter for

jente and Engineering §

Office of Multidi

is one of 13 principal federal statistical agencies and the
nation’s leading provider of statistical data on the U.S.
science and engineering {S&E} enterprise.

DID YOU KNOW?

inary Activities supports
interdisciplinary research and training in the social,
behavioral and economic sciences, including SBE's
intersections with other S&E fields,

® An NSF-funded economist applied the principles of game theory to the problem of maiching kidney recipients
with donars, laying the graundwork for today's nationai kidney exchange program. To date, the program has
saved mare than 4,000 lives in the U.S.—a number that continues to grow.

® NSF has funded 55 Nobel Laureates in the economic sciences since 1969, including every U.S. winner since 1997,

* NSF-Funded researchers developed a computer-brain interface that allowed a patient with “locked-in
syndrome” to vocalize sounds for the first time. This technology may also help others, such as veterans with

severe paralysis.
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OFFICE OF

INTEGRATIVE
ACTIVITIES

INTRODUCTION

Basic discovery research often does not stay in o single fane; it frequently crosses disciplines. A physics
researcher may need an engineer or a computer scientist to help test a theory or solve a problem.

To address complex problems like this, NSF's Qffice of integrativ it A) crosses boundaries
to form unique parinerships between researchers and experts who need each other to carry out

societally relevant initiatives.

OIA focuses on initiatives such as:
* NSF INCLUDES, on integrated, nationol initiative which develops STEM talent from aff sectors and
groups in society fo help grow our economy.
+ Science and Technology Centers {STCs), which conduct world-class research through parinerships
among academic institutions, national laboratories, industrial erganizations and others.
* Presideniial Early Career Awards for Scientists and Engineers, which recognize scientists and
engineers who show exceptional potential in the early stages of their independent research careers,

OIlA's activities advance research excelfence and innovation, develop humon and infrastructure
capacity critical to the U.S. S&E enterprise, and promote engagement af scientists and engineers at all

career stages.
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Integrative Activities admini major interdisciplinary
programs across the foundation and supports the NSF
director’s affice through policy analysis and special
projects that address NSF priorities.

stablished Program to Stimulate Compatitive
Research {EPSCoR}, which recently changed its
name from “Experimental” to “Established,” promotes
sustainable increases in scientific research, education,
training capacity and competitiveness in states and
territories that have not historically benefited from
federal research grants.

E n and Assessment Capability provides
centralized support and resources for data collection,
analytics and the design of evaluation studies and
surveys that enable NSF to more consistently evaluate
the impacts of its investments, and to make more data-
driven policy decisions.

DID YOU KNOW?

* Research Infrastructure improvement awards were granted 313 times to date to stimulate sustainable R&D in
EPSCoR jurisdictions.

« The 2004 Alan T. Waterman Award recipient, chemical and biological engineer Kristi Anseth, is designing new
bioscaffolds, or temporary structures, upon which biological tissues can form to heal fractures, engineer new
cartilage or even construct replacement heart valves,

* To date, NSF administered the selection of 506 recipients of the congressionaily mandated National Medal of Science.
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NSF's Office of International Science and Engineering (QISE) establishes and maintains strategic
relationships with the Foundation's international peers. The Office funds U.S. scientists and engineers
to pursue unique international research opportunities while providing reseorch experiences for U.S.
students to create a globally-engaged U.S. science and engineering workforce. For example:
* With Austratia, a collaborative program is developing containers small enough to be injected
directly info the bloodstream fo deliver medicines.

* With South Korea, U.S. researchers are cooperating to create artificial museles for use in soft robotics.
* With South Africa, students from the United States work with peers from the University of KwaZulu-

Natal to improve water decontamination and provide basic sanitation to underserved populations.

The Office’s specialized research programs prepare U.S. students to become members of the global
STEM workforce. For example:

+ Students from the University of Michigan conducted collaborative research with the South African
National Space Agency to understand the impacts of solar disturbances on the Earth.

* Rice University's TerraNano program, a coaperative endeavor with Japan, provided
undergraduates the opportunity to develop and study novel nanomaterials with electronic and
vibrational properties in the terahertz range.
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LY, establishes and maintains
relationships with counterparts in foreign countries.

In addition, the cluster is the primary interface with
interagency partners who also focus on internationat
relations {i.e. State Department, White House Office of
Science and Technology Policy, etc).

3 develops, implements and
monitors OISE programs. These programs seek fo catalyze
international science and develop a globaily competitive
U.S. scientific workforce. The cluster also develops
foresight products for NSF leadership—a new capability
expected to be fully operational in Fiscat Year 2018.

cluster ensures consistent
implementation of the Foundation's policies and
procedures within the Office. The team ensures

E programmatic activities receive appropriate review,
develops and implements the Office’s budget, and assists
Office leadership in human capital actions.

* Permafrost regions occupy about 25 percent af the Northern Hemisphere and studeiits from Tennessee and
Russia are exploring 2-3 miilion-year-old permanently frozen sediments in the Kolyma lowland in Siberia fo
expand understanding of life at low temperatures.

* NSF-supported students gain internationai research experience in 37 countries and regions.

¢ NSF's Parterships International Research and Education (PIRE) program supports high-quality research and
education projects for U.S. researchers in 19 countries: U.S,, Brazil, China, Czech Republic, France, Germany, india,
Ireland, taly, Jupan, Karea, Mexico, Norway, Poland, Russia, Spain, Switzerland, Taiwan and Turkey.
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~rmlhon yecr—old monkey fossit unearthed by NSE- funded researchers in
Panama upended: conventional thinking about when and how species movad from
‘South America inta North Amenca The resecarchers discovered the fossil; which
is related 1o modern:South Ameriean monkeys, on the North American fendmass
in rock strata éxposed by the Pandma Canal's expansion. While sclentists long
thought species moved: northward vid o 4-mill|on—yeur~old land bridge—called
the Jsthimus of Panamo=-the fossil finding suggests species made the trek 17
million years.edrlier, before the bridge formed. NSF's PIRE progwm funded the
once in-g=century. reseurch opporfunity. .

-An-OlSE-developed partnership: is-raising the Bangladesh gcvemmen'rs aweireness
of potential natural hazard dengers there. Bangladesh; whichiis: about the size

of lowa; with-dlimost- 170 million pecple; is vulnerable 1o huge earthguakes: To
design stable; earthquake—remsmnt infreistructure; the partnership=—composed: of -
researchers fromthe U.S,, Bangladesh, Germany, India: and ltaly=—is working to
uniderstand Eorth's struc?ural feotutes benaath Bangladesh, Deta from the profect
“dréw the atiention of the Bangladesh parliaiment and restlted in'mote thari 15
peer reviewed papers in widely. respected publications like Natore Geosc:ence,
Tecfonophys)cs, the Jovrnol-of Geophysical Resecreh and others.

A novel method developed by student irainees could rransform monufacturmg of
nanofibers for biomedicing; snergy, filiration, high-rdte fibar-production-and more:
Teams from the University of Alabama:at Birmingham: and: the: Czech Republic's
Technical Universify of Liberec discovered that strong altermating electric filds
produced on liquid polymers could be Used to mcmufodure nansfibers much quicker
aind Tn iore volume than current processes. The new:process has an ability.fo
generate continusus thread-ike materials 100 or-less in'dian at
astonishing rates wheh compdred fo current fabrication processes. : .

The rainforests of Central Africa are tremeéndously important ta the health of the
pianet. However, habitat loss. oceurs there at-a rapid rate due fo free clearing,
envitonmenital change and growing human populations.. This project; comprised of
researchiers-and students from the U.S.; Cameroon, Gebon; the United Kingdom,
Gerinany, France and the Netherldnds, is developing a framework: for conserving
Central African biodiversity. To help ease the effects of habitat foss and climare
change, the researchers regularly meet with décision:makers to provnde the fatest

\ scientific information on meaningful consetvation measures.

More than 20 students from Virginia. Tech ‘and the University of Nottinghan
designed o replacement for the hydravlic and gedr power transfer systems.on
the Rolls-Royce Trent 1000 turbofan engine. Working: with Rolls-Royce In Derby;
UK., their design would replace the-existing system with-moderi: electromcs,
improving jet. prapulsion on Boeing Commercial Airplanes™ 787 Dreamliner.
Boeing purchases Trent 1000 engines from Rolls-Royce, The students dre part. of
an OISE-led dand supported——with-additiondl funding from Boeing==interndtional
‘program that provides research experiences for students |n¥eresred i futire
electric transportation systems, -
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RESOURCES AND SOCIAL MEDIA

National Science Foundation nsf.gov
Directorate for Biological Sciences nsf.gov/BIO
Directorate for Computer and Information Science and Engineering nsf.gov/CISE
Directorate for Education and Human Resources nsf.aov/EHR
Directorate for Engineering nsf.aov /ENG
Directarate for Geosciences nsf.qov/GEC
Directorate for Mathematical and Physical Sciences nsf.qov/MPS
Directorate for Social, Behavioral, and Economic Sciences nsf.gov/SBE
Office of Integrated Activities nsf.gov/QIA
Office of International Science and Engineering nsf.gov/QISE
Established Program to Stimulote Competitive Research f.aov/EPSCoR
NSF and Congress Toolkit ‘ nsf.gov/toolkit
Science360 selence360.goy
Social Media nsfgov/secial
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